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FOREWORD

The i960 Legislatiire authorized the funds for the
Madera Area Investigation. This type of investigation by the
Department of Water Resources is sanctioned by State Water
Code Sections 12616 and 12617. The Madera Area Investigation
was conducted to determine the water supply available to the
Madera area, to determine the water requirements for continued
development of the area, and to plan for the optimum develop-
ment of all local supplies for maximum beneficial use. The
study was begun in March 1961 and was completed in June 1965.

The investigation has shown that additional water
will have to be imported to ensure continued economic growth
of the area between now emd the year 2020. The valley portion
of the eo-ea can be supplied by the East Side Division of the
Central Valley Project proposed by the U. S. Bureau of
Reclamation. The upper Madera area must be supplied from
locally develoiJed water projects.

The Department of Water Resources recommends study
of the proposed Oakhurst-Soquel Project to support the resi-
dential growth of the upper Madera area and for recreation
and fishery enhancement. The Dei)artment also recommends study
of the Upper San Joaquin River Project to provide hydroelectric
power, recreation, fisheries enhancement, and irrigation.

William E. Wame, Director
Department of Water Resources
The Resoiirces Agency
State of California
June 22, I966
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ABSTRACT

Bulletin No. 135
Madera Area Investigation

Preliminary Edition

The Madera area (all of Madera Coxinty and those portions of the

drainage, basins of the Chowchilla and Fresno Rivers which lie within Mariposa

County) needs more water than can be provided by existing and authorized*

projects. If present agriciiltural trends in the San Joaquin Valley continue,

an estimated 200,000 acre-feet of supplemental water will be needed annually

by the year 2020. In the upper Madera area, the economic demand for supple-

mental water will be about 7,600 acre-feet annually by the year 2020.

For the Valley, the logical source of supplemental water is the

East Side Division of the Central Valley Project proposed by the U. S. Bureau
of Reclamation.

The OaMixirst-Soquel Project would supply sufficient water to major

areas of residentieil growth in the foothill and mountainous portions of the

Madera area. The project would also provide significant recreation and

fishery enhancement benefits. This project would include an earthfill dam

and an 8,000 acre-foot reservoir on North Fork Willow Creek near Soquel

Meadow. Development of this project, however, would require an exchange

agreement with the Madera Irrigation District to obtain the requisite water
rights

.

The Upper San Joaqtiin River Project woiald provide power, recreation,

and fisheries enhancement in the portion of upper Madera County that is

tributary to Mammoth Pool Reservoir—the area from Chiqviito Creek to the North
Fork San Joaquin River. The project wovild also conserve additional water for

irrigation in the Valley. This project would have a generating capacity of

191,000 kilowatts and woxild produce an annual average of 85I million kilowatt-
hours of hydroelectric power.

*Two new water development projects in the Madera area have been authorized
by Congress for construction by the U. S. Army Corps of Engineers. Hidden

Dam on the Fresno River about 13 miles northeast of Madera would impound

90,000 acre-feet of water for flood control, water conservation, and rec-

reation. Buchanan Dam on the Chowchilla River about 16 miles northeast of

Chowchilla wotild form a 150,000 acre-foot reservoir for flood control,

irrigation, recreation, and fish and wildlife ,

xxii



CHAPTER I. INTRODUCTION

Madera -- meaning, in Spanish, place of wood
has been aptly named. One of the most important industries
in the upper Madera area since before the turn of the century
has been lumbering. The name "Madera" was given to the site
of the terminus of a 62-mile flume that transported lumber
from the mountain mills to the railroad on the valley floor.
Subsequently this community became both a city and the county
seat.

The Madera Area Investigation was undertaken to
fulfill the need for a comprehensive report on the water re-
sources of the Madera area. The water requirements for the
valley floor portion of Madera County previously had been
determined by the U. S. Bureau of Reclamation for its Central
Valley Project; however, no detailed studies had been made
which integrated the data on water supplies, requirements,
and related problems for the mountainous, foothill, and
valley areas.

Hydrologic studies indicate that if the valley
floor portion of the Madera area received its full contrac-
tual amount of Central Valley Project water and that if the
Hidden and Buchanan Projects were constructed and operated as
proposed, a hydrologic balance would exist with water require-
ments as they were in I960. Increasing requirements have
already rendered the Madera area water deficient, and this
deficiency is expected to increase to about 200,000 acre-feet
annually by the year 2020. Water will have to be imported to
assure continued economic growth of the area. The logical
source of supplemental water is the East Side Division of the
Central Valley Project.

In the Upper Madera area, water supplies now are
derived almost entirely from limited ground water resources.
The wells are expensive, the yields are small and there is
danger of pollution. Ground water supplies are Inadequate to
cope with increasing requirements and surface water supplies
must be developed. This development should be on an area-
wide basis because individual development is uneconomical and
impractical.

The "Oakhurst-Soquel Project" proposed in this
report is considered the most advantageous source of water
supply for the Upper Madera area. A single reservoir, lo-
cated near Soquel Meadow, could provide an outstanding
recreation potential and an economical water supply to the
Oakhurst, Ahwahnee, Coarsegold, Bass Lake, North Fork, and
South Fork areas

.



Another project proposed in this report is the
"Upper San Joaquin River Project" located in the Minarets
District of the Sierra National Forest. Project purposes
include power, recreation, fish enhancement, and conservation.
Major features of the project include four storage reservoirs
with a combined gross capacity of 221,000 acre-feet, approxi-
mately 17 miles of tunnels and pipelines, and powerplants with
an aggregate installed capacity of 191:»000 kilowatts. The
project would have a significant beneficial effect on the
economy of the Madera area.

Background of Investigation

The Madera County Board of Supervisors, recognizing
the inadequacy of local water supplies, appointed a Madera
County Water Commission in 1958 to act as an advisory group
to the Board. The Commission was requested to recommend a
course of action to cope with water problems in the County.
Shortly after the Commission was formed, it recommended that
appropriate steps be taken to obtain authorization for a

comprehensive water resources investigation of Madera County
by the State Department of Water Resources.

The Department of Water Resources had previously
conducted a series of investigations of the mountainous and
foothill areas of the Sierra Nevada. These investigations
were initiated to provide the basis for continued develop-
ment in the upper watershed areas consistent with utilization
of the available water supplies for demands in the valley
areas. The Investigations enabled local interests, both up-
stream and down, to evaluate proposed developments of water
resources from an areawide point of view.

As a result of several meetings between Department
personnel and Commission members an areawide water resources
investigation of the Madera area was proposed. Funds were
provided in the 196O-6I budget to start the investigation.
It was scheduled to begin in January 196I, but a shortage of
personnel and a limitation of available funds required that
the actual starting date be postponed to March 196I and the
completion date extended from June 1964 to June 1965-

Authorization for the type of investigation con-
ducted for Madera area is contained in State Water Code
Sections 126 16 and 12617.

Objective and Scope of Investigation

The objective of the Madera Area Investigation was
to formulate a general plan for the development of the water
resources of the valley floor and upper area of Madera
County, to serve as a guide for local agencies in further



planning for the development of local water resources to meet
increasing needs. Achievement of this objective necessitated
the evaluation of available water supplyj present and future
water requirements, study of possible plans for development
of local water supplies, and consideration of the several
major projects which are proposed for construction by federal
agencies. The areawide concept of water development should
include provision for maximum use of local and imported water
supplies and development of rapidly expanding water- related
recreation activities and flood control.

Related Investigations

The Madera Area Investigation included review of
several prior investigations and repoi^ts. Of major impor-
tance are the following recent investigations and reports of
the Department of V/ater Resources, the U. S. Army Corps of
Engineers, and the U. S. Bureau of Reclamation. Results of
other related investigations may be found in references
listed in the Bibliography.

Statewide Water Resources Investigation

In recognition of the growing statewide water prob-
lems, the Legislature, by Chapter 15^1^ Statutes of 1947,
authorized the Statewide Water Resources Investigation. This
investigation was conducted by the Division of V/ater Resources,
under the direction of the State V/ater Resources Board. Funds
were appropriated annually by the Legislature over a 10-year
period for the completion of this important program of study.
Results of this investigation were published in three
bulletins

:

^Bulletin No. 1, "Water Resources of
California", published in 1951:> contains a
compilation of data on precipitation, un-
impaired streamflow, flood flows and fre-
quencies, and quality of water.

^Bulletin No. 2, "Water Utilization and
Requirements of California", published in
1955j sets forth estimates of present and
probable ultimate water requirements
throughout the State. In general, such
estimates and forecasts are based on the
capabilities of the land to support
further development.

OBulletin No. 3, "The California Water Plan",
published in 1957^ reports the third and con-
cluding phase of the Statewide V/ater Resources
Investigation. The California Water Plan is



a comprehensive master plan for the develop-
ment of the water resources of the State to
meet, so far as is practicable, present and
future needs for all beneficial purposes in
all parts of the State. The Legislature,
by enactment of Chapter 2053^ Statutes of
1959, adopted The California Water Plan as
a general guide for the orderly and coordinated
development and use of the water resources of
the State.

U. S. Army Corps of Engineers, "Fresno River Basin,
California", report contained in Senate Document No. 37j
»7th Congress, 1st Session

.This report presents a plan for the solution of
the flood problems of the Fresno River Basin and for fur-
nishing a supplemental water supply to the service area.
The plan of improvement described in the report consists of
a multiple-purpose reservoir at the Hidden site, with a
capacity of 90,000 acre-feet, and supplemental downstream
channel improvements

.

U. S. Army Cor^s of Engineers, "Chowchilla River Basin,
California", report contained in Senate Document No. 98;.

a7th Congress, 2nd Session.

This report presents a plan which will alleviate
a serious flood problem in the Chowchilla River Basin, pro-
vide supplemental water supplies, and provide additional
outdoor recreation opportunities. The plan of improvement
described in the report consists of a multiple-purpose
reservoir at the Buchanan site with a storage capacity of
150,000 acre-feet and supplemental downstream channel
improvements.

U. S, Bureau of Reclamation, "East Side Division, Central
Valley Project, California"--a Report on the Feasibility of
Water Supply Developments--January 19^2.

This report describes the feasibility of a project
which will furnish supplemental water to the east side of
the San Joaquin Valley. V/ater developed in the northern
portion of the Valley would be transferred to areas of de-
ficiency from the vicinity of Merced to Bakersfleld.

Area of Investigation

The Madera area is located about midway between
the Oregon and Mexican borders of California. It extends



from the trough of the Great Central Valley on the San
Joaquin River to the crest of the Sierra Nevada, a distance
of about 110 miles in its longest dimension. It averages
about 20 miles in width. A point near O'Neals in Madera
County is reported to be the geographic center of California.

The area of investigation encompasses all of
Madera County and the drainage area of the Fresno River
Basin and the Chowchilla River Basin above the valley floor
as shown on Plate 1, "Units of the Investigative Area".
Phe area includes about 1,377^000 acres in Madera County
and approximately 128,000 acres in Mariposa County in the
Chowchilla and Fresno River Basins. About 380,000 acres of
the Sierra National Forest lie within the area of investi-
gation as do about 77^700 acres of Yosemite National Park
and the 1,000-acre Devils Postpile National Monument. These
public lands encompass almost the entire watershed above an
elevation of 3.000 feet.

[Natural Features

Elevations in Madera County range from a low of
about 130 feet above sea level at the extreme northwestern
corner of the County to 13.159 feet at the peak of Mount
Ritter near the crest of the Sierra Nevada. The County may
be nearly equally divided into valley plains (130 to 400
feet elevation), foothills (400 to 4,000 feet elevation),
and high mountains (4,000 to 13.000 feet elevation).

In the valley plains portion of the area the
natural semidesert landscape has given way to cattle grazing.
Intensive irrigated agriculture, and dry farming. The south-
western portion of the foothill zone is predominantly grass-
land, interspersed with dry-farmed grain crops. The central
portion of this zone (to about 3.000 feet elevation) has a
woodland-grass cover and is devoted primarily to range-
livestock production. Above 3.000 feet and extending to
nearly 8,000 feet in elevation is found the merchantable
timber belt. Above 8,000 feet is found a second belt of
forest, composed of noncommercial conifers. These trees are
progressively more dwarfed and sparse as the crest of the
Sierra Nevada is approached and as the terrain becomes more
and more unweathered granitic and metamorphlc rock.

Two major and two minor river systems drain the
Madera Area. Of the major streams, Merced River tributaries
rise in the Yosemite National Park portion of the area and
flow out of the area in a westerly direction at a minimum
elevation of about 5,000 feet. The other major system, the
San Joaquin River, drains the remainder of the high elevation
(above 7.000 feet) watershed together with the southeastern
part of the lower areas. The river is the southwestern and



western boundary of the area of investigation from Mammoth
Pool to the Madera-Merced County line.

The two minor stream systems are the Fresno and
Chowchilla Rivers which drain the central and northwestern
portions of the area, respectively. Both of these streams
are tributary to the San Joaquin River on the valley floor.

Geology

The San Joaquin Valley, which comprises approxi-
mately the southern two-thirds of the Great Valley of
California, is a broad structural trough filled with an accu-
mulation of sediments eroded from the surrounding highlands
by rivers and streams. Approximately the western third of
Madera County lies within the San Joaquin Valley between 120
and 450 feet above sea level. This portion is bounded on the
south and west by the San Joaquin River and on the north by
the Chowchilla River. To the east it merges into the Sierra
foothills. The sedimentary deposits in the Valley occur
principally as (l) old alluvium in the form of terraces in
the dissected uplands along the eastern fringe of the Valley,
(2) alluvial fans splaying out from streams as they emerge
from the Sierra foothills, and (3) basin deposits along the
axial trough of the Valley and interfan areas.

The San Joaquin Valley abuts the foothills of the
Sierra Nevada at about the 400-foot elevation. Trending
northwest along middle-eastern California, the Sierra Nevada
is a complex of raetamorphic and Intrusive igneous rocks com-
prising a great fault-block about 400 miles long and 50 to 70
miles wide. This great fault-block has been tilted up on the
east, attaining a maximum elevation of l4,496 feet at Mount
Whitney, and down on the west where the block dips under the
alluvial fill of the Great Valley. The northwest-trending,
folded and faulted metamorphic rocks, a result of earlier
diastrophism, were intruded by a copious quantity of granitic
magma during the Late Jurassic amd Early Cretaceous periods.
In the Late Cretaceous and early Tertiary periods, erosion
reduced the Sierra Nevada to an area of low relief. Then
during the late Tertiary period, portions of the province were
covered by a blanket-like mantle of sediments and volcanic
rocks, the latter in the form of lava flows, airborne debris,
and mudflows. Faulting, which has tilted and uplifted the
Sierran Block, began in the Tertiary period and has continued
to the present. This tilting of the Sierran Block has formed
a high, steep fault-like scarp on the eastern face and has
rejuvenated the streams which consequently cut deep canyons
into the otherwise gentle western slope. Many of the streams
have eroded the Tertiary sediments and volcanic rocks and
have cut deeply into the underlying metamorphic and granitic



rocks. Additional sculpturing toward the crest of the range
and higher canyons was accomplished by Alpine glaciers in the
Pleistocene epoch. The glacial action modified the topography
by depositing glacial moraines and carving U-shaped canyons
exemplified by Yosemite Valley.

In Madera County, erosion since the tilt-block
faulting has reduced the Slerran western slope and exposed
vast portions of granitic rock with only minor erosional rem-
nants and roof pendants of metamorphic rocks. These erosional
remnants are exposed mainly along the Sierra foothills and the
Ritter Range. Nearly all of the Tertiary sediments and vol-
canic rocks were also eroded. Local remnants exist near
Priant and along the Slerran crest.

Climate

The climate is varied since it is modified both
locally and generally by topographical influences. The en-
tire area is characterized by dry summers and mild winters.
Normal summer temperatures in the lower foothills, however,
are not only higher than those in the mountains, but higher
than those prevailing on the valley floor. This apparent
anomaly results from the existence of a static stratum of air
in the foothills during the summer season.

Average annual precipitation on the Madera area
varies from about 10 inches on the valley floor to over 55
inches along the crest of the Sierra Nevada. Precipitation
varies widely from season to season and increases generally
from west to east with an increase in land elevations.
During winter, the Valley and lower foothill areas receive
moderate amounts of rainfall and may have persistent fog,
while the mountain zone receives heavy precipitation. Usually,
precipitation below an elevation of about 3^500 feet occurs as
rain, whereas above that elevation it falls as rain or snow,
with an increasing incidence of snow at Increasing elevations.

Soils

The soils of the Madera area are described in four
groups based on natural divisions generally Increasing in
elevation from west to east. These groups are the recent and
young alluvial deposits adjacent to the San Joaquin River,
the basin rim, the alluvial fans, and the uplands.

The soils of the recent and young alluvial
deposits adjacent to the San Joaquin River channel, in the
trough of the Great Central Valley, were deposited during
frequent floods and are deep, but under natural conditions
they are usually poorly drained. Portions of the area have



a high water table due to seepage from canals and the river
channel. Flooding has been largely controlled with the con-
struction of upstream dams and a system of levees along the
river channel. These soils are successfully farmed where
adequate drainage is provided.

The basin rim is the broad, very gently sloping
plain at the lower end of the alluvial fans lying just above
the recent alluvial deposits adjacent to the river channel.
This area is characterized by hardpan soils developed under
conditions of poor surface drainage and high water table
which gave rise to accumulations of soluble salts and ex-
changeable sodium in the soil. A general lowering of the
water table due to irrigation pumping in adjacent areas has
enhanced the possibilities of reclaiming these soils. They
may be reclaimed by breaking up the riardpan with deep tillage,
adding appropriate soil amendments to replace the exchangeable
sodium, and then leaching to remove the excess salts.

The alluvial fans consist of depositions of granitic
sediments of different ages . The soils of the younger fans
are deep and well drained and are the most intensively farmed
soils in the area. They are lower than the more mature soils
and have been formed by relatively recent deposits of sedi-
ments carried by the streams nov/ dissecting the higher areas.
They are generally suited for all climatically adapted crops.

The older and higher portions are dissected by the
streams bearing the material which is forming the younger
fans. The mature soils, developed on the higher and older
parts of the alluvial fan, are characterized by restricting
subsoil layers of claypan and hardpan which dominate in de-
termining their use and management. Most of the hardpan sub-
soils could be broken up by deep tillage. Generally, cost
has precluded this practice. Dry-farmed grain is the major
use of the older soils. Summer fallowing is practiced in
alternate years

.

Soils in the uplands are termed "residual" because
they have been formed in place by weathering of parent rock.
Climate, topography, and resistance to weathering of the
parent rock are the most significant factors in determining
the characteristics of these soils, while age is of secondary
Importance

.

The foothill soils are generally shallower than
those of the higher mountains because they receive less
rainfall and are formed on harder rock formations. These
soils are used for range and dry-farmed grain. The steeper
slopes are limited to range because of the shallowness and
erodibility of the soils and occurrence of bedrock outcrops.

The more humid climatic conditions and softer rock
formations of the higher mountains have produced deeper soils.
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The deep, excellent timber site soils occur on the gentler
slopes. These soils are used chiefly for watershed and pro-
duction of timber. Summer grazing is the major use of the
numerous alluvial grassy meadows.

Economic Development

The Madera area, during the l870's, began to take
on the characteristics of a diversified and well-established
economy. The Central Pacific Railroad was extended through
the valley floor, the California Lumber Company constructed
a flume to convey lumber from the mills in the mountains to
a rail terminus where the town of Madera was established, and
a stagecoach line began to provide transportation between the
newly established town and Yosemite Park at VJawona. Gold
mining was rejuvenated to some extent, with interest switching
from placer to lode deposits in the vicinities of Coarsegold,
Oakhurst, Grub Gulch, Quartz Mountain, and several other com-
munities in the lower mountain zone. The strong intertie
between the upper and lower areas enhanced the economic
growth of the Madera area, and in I893 Madera County was
fonned from a portion of northern Fresno County.

Following the years of the national economic de-
pression during the early 1930 's the Madera area experienced
a shift in the basic type of enterprises profitable for
development. The formerly expanding mining and lumbering
activities began to decline at a rate faster than the expan-
sion of previous years. The adaptability of the upper Madera
area for recreation activities was discovered by many people
about this time, however, and provided a new basis for the
continued economic grov;th of the area. Statistics are
lacking on the extent of recreation prior to the 19^0' s, but
by 19^1 forest-based recreation alone provided 600,000
visitor-days of enjoyment within the Madera County portion
of Sierra National Forest.

Water-associated recreation in the upper Madera
area prior to 19^1 was concentrated at Bass Lake, then known
as Crane Valley Storage, owned by the Pacific Gas and Electric
Company. The Forest Service maintains public campgrounds at
Bass Lake and these have become overcrowded during the peak
of the recreation season. The creation of Millerton Lake by
the U. S. Bureau of Reclamation provided added water-
associated recreation facilities at the foothill line of the
Madera area. These facilities began to accommodate visitors
during 19^1; since then they have been enlarged, and during
the 1963-64 recreation season they provided an estimated
554,000 visitor-days of recreation use.

During recent years the general Oakhurst vicinity
of upper Madera area has experienced phenomenal growth of



both recreation and year-round homes. The Increase in
permanent residents is attributed to employment in recrea-
tion-associated industries and the Influx of people with
retirement incomes. The concentration of residents near
Oakhurst has created a need for community water and sewage
systems.

The predominant Industry of Madera County is
agriculture. In 1963 the County ranked 17 In agriculture
among the 58 California counties, with a gross agricultural
return of $72 million. This industry is based mostly on
the ability to irrigate about 230,000 acres in the valley
floor portion of the County. The livestock Industry is no
longer based on the summer range of the upper Madera area.
Significant numbers of cattle are accommodated by Sierra
National Forest; however, they depend on the irrigation of
valley pastures from deep wells and supplemental surface
water supplies. The completion of Prlant Dam in 19^7 and
the construction of the Madera Canal in 19^8 provided a
much broader base for agricultural production through the
development of additional surface water supplies. The
Madera Irrigation District and Chowchilla Water District
provide irrigation service to the most productive lands of
the County; however, significant amounts of irrigable lands
remain undeveloped.
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CHAPTER II. WATER SUPPLY

The available water supplies in the Madera area
occur as surface runoff in the Chowchilla, Fresno, and San
Joaquin River watersheds; surface runoff in intervening
foothill watersheds; extractions from the ground; and direct
precipitation. Under natural conditions, melting snow from
the mountains provides most of the surface runoff during late
spring and early summer. Surface runoff is regulated in
reservoirs, notably Millerton Lake on the San Joaquin River,
and released into natural channels or man-made conduits for
use where most needed.

During the investigation a study was made of the
water supplies available during a specific base period, as
well as during the expected long-term future. These studies
were made to facilitate an evaluation of the ground water
supplies in the valley floor portion of Madera County. The
future water supplies of the Madera area, which will include
extractions from the ground, have been estimated from the
Information developed during the study.

Definitions

The following terms are defined as used in this
bulletin in the discussion of water supply:

Precipitation Year - The 12-month period from
July 1 of a given year through June 30 of
the following year.

Runoff Year or Water Year - The 12-month period
from October 1 of a given year through
September 30 of the following year.

Historical Runoff - The flow of a stream as it has
occurred during some past period of time,
including the effects of prior upstream
developments.

Natural Runoff - The flow of a stream as it would
be if unaltered by upstream diversion, storage,
import, export, or change in upstream consumptive
use caused by development.

Impaired Runoff - The flow of a stream as it would
be under any given state of upstream development.

Mean Period - A period chosen to represent conditions
of water supply and climate over a long series
of years.
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Base Period - A period chosen for detailed hydrologic
analysis because prevailing conditions of
water supply and climate were approximately
equivalent to mean conditions and because
adequate data for such hydrologic analysis
were available.

Mean - The arithmetic average relating to a mean
period.

Average - The arithmetic average relating to
other than a mean period.

Long-term Mean Future Water Supply - The mean
period water supply adjusted for estimated
future conditions.

Ground Water Overdraft - The rate of net seasonal
extraction of water from a ground water basin
in excess of the mean seasonal replenishment
to the basin. One or both of the following
conditions must also exist.

1. Water levels are not so lowered as
to cause harmful impairment of the
quality of the ground water by in-
trusion of other water of undesirable
quality, or by accumulation and con-
centration of pollutants or degrading
agents.

2. Water levels are not so lowered as
to imperil the economy of ground
water users by excessive costs of
pumping, or by exclusion of users
from a supply therefrom.

In studies for the Madera area, conditions during
the 50-year period I907-O8 through 1956-57, inclusive, were
considered representative of mean conditions of precipita-
tion and runoff.

The six-year historic period from April 1952
through March 1958, inclusive, was selected as the base
period because it was a period in which all the items of
supply and disposal could be evaluated. In addition, it
was fairly representative of the mean period, inasmuch as
the runoff of the major streams having their headwaters in
the area was 102 percent of the mean and precipitation on
the valley floor was 113 percent of the mean.

12



Precipitation

During winter and spring, storms periodically
sweep In from the north Pacific Ocean over the area of
Investigation. Precipitation from these storms Is generally
light in the lower valley areas and moderately heavy near
the crest of the Sierra Nevada. The wide range of elevation
and topography have pronounced effects on the amount of pre-
cipitation and whether it falls as rain or snow. Average
annual precipitation ranges from about 10 inches on the
valley floor to about 55 inches along the crest of the Sierra
Nevada.

Precipitation Stations and Records

Continuous records of precipitation of ten or more
years duration have been gathered for 33 stations in or near
the area. Additional stations have shorter periods of record,
The station at Frlant has the longest period of record, ex-
tending from 1897 to the present time. Table 1 presents the
locations; elevations; periods and sources of record; and
mean, maximum, and minimum precipitation for selected
stations. The stations are distributed areally from the
trough of the Valley at Chowchllla Farms (elevation I50 feet)
to the crest of the Sierra Nevada at Mammoth Pass (elevation
9,500 feet). As noted in Table 1, certain of the records
have been extended to cover the 50-year mean period by direct
correlation with records of nearby and/or similarly located
stations.

Eighteen snow courses which lie in or near the
Madera area are measured and maintained as part of the
California Cooperative Snow Surveys. All of these courses
lie above an elevation of 6,500 feet. Eleven courses are in
the San Joaquin River Basin, two are in the Merced River
Basin, two are in the Mono Lake Basin, and three are in the
Owens River Basin. Regular measurements at these stations
provide valuable information regarding the precipitation in
the upper watersheds of these rivers and for forecasting the
spring and summer runoff from snowmelt. Table 2 presents the
location; elevation; period of record; and average, maximum,
and mean water content of snow on April 1 for these snow
courses. Because very few snow course records antedate 1930,
the period of record used to determine average values is
1930-31 through 1959-60.

Precipitation Characteristics

Precipitation varies widely from place to place,
from season to season, and from year to year. From the
valley floor to the crest of the Sierra Nevada, precipitation
generally varies directly with change in elevation; that is.
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TABLE 2

SNOW COURSES
IN AND NEAR MADERA AREA

: : : Water Content of Snow
.Latitude : Eleva- : Year : on April 1

Snow Course : and :tion, in: Record: Average : .

: Longitude: Feet : Began :1931-60 : Year : Inches
: : : ( inches ): Max . :Min. :Max. :Min.

MERCED RIVER BASIN

Ostrander Lake 3T°38.2' 8,200 1937-38 3^-1* 1952 1951 60.1^ 17.1
119033.0'

Peregoy Meadows 37°Uo.O' 7,100 1930-31 32.9 1952 193^79-5 1^.3

119°37.5'

SAU JOAQUIN RIVER BASIN

Mammoth Pass 37°36.0' 9 500 1927-28 k2.3 1952 1931 75.7 15-5
119°02.0'

Agnew Pass 37°'^3.6' 9,^50 1929-30 31-^ 1952 1931 56.4 11.0

119008.5'

Cora Lakes 37°35.9' 8,4oo 1938-39 37-5* ** 1961 61.7 l8.2

II9016.O'

Nellie Lake 37°15.4' 8,000 19*^3-^^4 38.0* 1952 1951 76.6 17.

5

119°13.5'

Chilkoot Lake 37°2i)-.5' 7.1+50 1929-30 37-6 1952 193^ 80.O 2.6
119°28.8'

Chilkoot Meadow 37°2i^.6' 7,200 1929-30 36.9 1952 193^ 73-0 U.2

I19029A'

Clover Meadow 37°31.7' 7,000 1938-39 23.6* ** 1963 38.7 5.7
Il9°l6.5'

Jackass Meadow 37°29.8' 7,000 1938-39 23.9* ** 1951 59.9 5-0

119°19.8'

Chiquito Creek 37°29.9' 6,800 1938-39 22.4* ** I95I 40.0 5.2

119°24.5'
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TABLE 2 (Continued)

SNOW COURSES
IN AND NEAR MADERA AREA

: : Water Content of Snow
Eleva- : Year : on April 1

Snow Course : and :tion, in: Record: Average : j

Feet : Began :1931-6o : Year : Inches
: :( inches ): Max . :Min. :Max. :Min.

Beasore Meadows 37°26.5' 6,800 1938-39 28. T* 1952 1963 66.1 4.9
119°28.8'

Poison Meadow 37°23.8' 6,800 19^3-Vf 26.3* 1952 19^7 67.9 3.4
119°31.1'

MONO LAKE BASIN

Gem Pass 37°46.8' 10,400 1930-31 32.0 * 1931 51.2 7.8
119°10.2'

Gem Lake 37°45.1' 9,150 1926-27 31-3 ** 1931 56.9 8.7
119°09.7'

OWEIWS RIVER BASIN

Minarets No. 2 37°39.8' 9,000 1927-28 30. 9 1952 1931 59-0 11.0
119°01.0'

Minarets No. 1 37°39.0 8,300 1927-28 20.2 I952 1934 1+5.5 ^-0
II8049.5'

Mammoth 37°37.2' 8,300 1927-28 20.1 1952 1951 ^3-4 3-4
118°59.5'

Record extended to I93I-6O hy correlation.
Discontinuous Record—not measured in 1952.
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the average precipitation increases from about 10 inches an-
nually near the trough of the Valley to about 55 inches in
the highest elevations. Precipitation below an elevation of
about 3,500 feet generally occurs as rain and results in
almost immediate runoff. Above this elevation the precipi-
tation occurs as rain or snow. Much of the snow does not
become runoff until late spring or summer. Lines of equal
mean annual precipitation (in inches) are shown on Plate 2.

Annual precipitation at the Madera Station has
varied from 55 to 197 percent of the mean. In the precipi-
tation season of 1923-24 a total of only 5.49 inches was
recorded J which is the minimum of record. The maximum annual
precipitation recorded (19-77 inches) occurred during the
season of 1940-4l. At Bass Lake (Crane Valley Powerhouse
Station) minimum and maximum recorded precipitation has
ranged from I8.37 to 69.39 inches. These extremes occurred
in 1923-24 and 1937-38, respectively, and represent 45 to
171 percent of the annual mean. Seventy to seventy-two per-
cent of the precipitation occurs from December through March
whereas only two to three percent occurs from June through
September. Seasonal and cyclical variations in precipita-
tion at Madera and Bass Lake (Crane Valley Powerhouse) are
shown graphically on Plates 3A, 3B, 4A, and 4B which depict
mean annual precipitation and accumulated departure from the
mean at these stations. Table 3 shows average monthly distri-
bution of precipitation at Madera and Bass Lake. The maximum
recorded depth of precipitation in or near the Madera area
occurred at Summerdale Station in 19OO-OI when a total of
85.46 inches was measured. The maximum recorded snowpack in
the area occurred in 1952 when a total of 80 inches of water
content was measured at Chilkoot Meadow Station. Because of
wide variations in elevation and precipitation, no single
station is representative of the entire area; therefore,
stations at Madera and Bass Lake (Crane Valley Powerhouse)
were selected to show amounts of precipitation. Table 4
presents annual recorded precipitation at these stations.

Precipitation on the valley floor occurs as rain-
fall and in most areas averages less than 12 inches per year.
For all practical purposes, this is considered the lower limit
of precipitation below which no significant deep percolation
occurs. Mean period precipitation figures were obtained from
isohyetal maps and average 9.88 inches annually. Base period
precipitation was related to mean precipitation by comparing
precipitation at five stations distributed throughout the
valley floor. Base period precipitation averaged 11.20
inches annually or 113.4 percent of the mean.

Runoff from direct precipitation on the valley
floor unit was analyzed. The results are shown in Table 5
and are based on the assumption that when precipitatio-n was
greater than water surface evaporation (or evapotranspiration)
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TABLE 3

AVERAGE MONTHLY DISTRIBUTION OF PRECIPITATION AT
STATIONS IN MADERA AREA



TABLE 4

RECORDED ANNUAL PRECIPITATION AT SELECTED STATIONS
IN MADERA AREA

(in Inches)



about 10 percent of the excess precipitation ran off and the
remainder accrued to the soil until the soil reservoir was
filled, at which point all further precipitation ran off.

TABLE 5

CONSUMPTIVE USE AND RUNOFF FROM PRECIPITATION
ON VALLEY FLOOR UNIT OF MADERA AREA
(in Thousands of Acre-feet per Year)



The Fresno and Chowchilla River watersheds lie
entirely within the Madera area and their entire runoff is
available for consumptive use within the area. The runoff
from these streams is considerably less than that from the
portions of the San Joaquin River and the Merced River
drainage basins within the Madera area. The 50-year mean
annual natural runoff of the Fresno River near Daulton and
the Chowchilla River at Buchanan Dam site is estimated to be
68,500 acre-feet and 73^9^0 acre-feet, respectively.

Foothill streams contribute a minor amount of
streamflow to the Valley Floor Unit of the Madera area. The
flows are intermittent and occur during periods of heavy
rainfall.

Runoff Cha'racteristics

Since surface runoff originates from precipitation,
it also varies widely from season to season and from year to
year. The yearly extremes in runoff are even more pronounced
than yearly extremes in precipitation because water must satu-
rate the soil mantle before runoff can occur. Much of the
water absorbed by the soil is subsequently consumptively used
by evapotranspiration from forest, meadows, and brush lands,
the remaining portion eventually reaching the stream system
as effluent seepage. The evapotranspiration rates are
higher in the lower elevation watersheds and the precipita-
tion is less, resulting in greater yearly extremes in runoff
than from higher elevation watersheds. The yearly runoff
from high altitude watersheds, such as the North Fork of the
San Joaquin River, varies the least because of lower consump-
tive use and greater precipitation.

Runoff from the Merced River Basin and San Joaquin
River Basin is derived for the most part from melting snow
because the major portions of the watersheds lie above 5^000
feet in elevation, the approximate winter snowline. This
causes runoff to lag precipitation and prolong the period of
significant runoff into July.

The Fresno and Chowchilla Rivers, on the other
hand, have comparatively low-altitude watersheds and most of
the runoff is from rainfall. Streamflow diminishes rapidly
after the precipitation season. During the summer the small
streamflow is derived from effluent' seepage, and during dry
years there is no flow in the channels during late summer and
fall.

Regulation of Streamflow

In the San Joaquin River Basin, the U. S. Bureau
of Reclamation, the Southern California Edison Company, and
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the Pacific Gas and Electric Company own and operate storage
dams and reservoirs which provide a moderate degree of regula-
tion to the natural runoff. Bass Lake, a power reservoir of
the Pacific Gas and Electric Company, lies entirely within the
Madera area. Mammoth Pool Reservoir and Redinger Lake (power
reservoirs of the Southern California Edison Company) and
Millerton Lake (a multiple -purpose project for irrigation,
flood control, recreation, and domestic water supply) lie on
the Fresno-Madera County boundary. Southern California Edison
Company's Dam No. 7 and Pacific Gas and Electric Company's
Kerckhoff Dam also lie on the Fresno-Madera County boundary
but the small amount of storage provides no significant regula-
tion of streamflow.

The streamflow from the portion of the Merced River
Basin lying within the Madera area is not regulated; moreover,
it is unlikely'' that it will be in the future, as most of the
watershed is in the Yosemite National Park.

At the present time, there is no significant regula-
tion of the runoff of the Fresno and Chowchilla River Basins,
and the water is used during the runoff season. This condition
soon v;ill change, hov/ever, with the construction of Hidden Dam
on the Fresno River and Buchanan Dam on the Chowchilla River.
The Buchanan Project, authorized by Congress for construction
on the Chowchilla River, will consist of a dam creating a

150,000-acre-foot reservoir and appurtenant works to control
floods on the river and to make an average of about 28,000 acre-
feet of new water available for irrigation annually. On the
Fresno River another authorized project consisting of Hidden
Dam and Reservoir together with appurtenant works will prevent
most of the flooding which has occurred in the past. Also it

is estimated that on the average about 24,000 acre-feet of new
water will be available annually for irrigation from the
90,000-acre-foot reservoir. Both reservoirs v/ill provide oppor-
tunities and facilities for a large amount of water-oriented
recreation.

Despite the existing and authorized water development
projects on these streams, additional facilities can develop
water supplies to meet the X'later requirements of the upper
watershed of the area. Close coordination and cooperation
bet^^feen local agencies on the valley floor and those in the
foothill and mountainous areas will be necessary to resolve
conflictj.ng requirements for and rights to these waters.

Stream Gaging Stations and Records

Records of streamflow for the main channels of the
four drainage basins in the Madera area are generally of
sufficient length of time, number, and accuracy for reliable
hydrologic studies. Tributary streams where possible water
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development projects have been considered by various agencies
do not all have records of the same duration. Many stations
were operated for only short periods of time and were then
abandoned, probably because they had served their purpose in
determining the feasibility of using streamflow. Other sta-
tions having records during the 1920 's were abandoned during
the depression and World War II years and were then reacti-
vated in the early 1950' s. The stations maintained by the
Department of Water Resources for this investigation and the
Mariposa Area Investigation have been installed in recent
years and have relatively short periods of record. Gaging
stations on streams affected by power development on the San
Joaquin River generally have been maintained from the time of
project construction until now.

At or near the storage damsites and diversion
damsites on the San Joaquin River tributaries considered for
possible development (see Plate 19, "Plan of the Upper San
Joaquin River Project'), records of streamflow were available
for discontinuous periods with total lengths of about 20
years. Correlation of the flow of these stations with the
natural flow of the San Joaquin River at Friant was very good;
therefore, the runoff at these stations for the years when no
records were available was estimated by such correlation.

The drainage area, period of record, and source
of record for selected stream gaging stations in the Merced,
San Joaquin, Chowchilla, and Fresno River Basins are shown in
Table 5.

Merced River Basin

Records of runoff of the Merced River at or near
Exchequer since 1901 are available. Flow of the Merced River
at this station has been impaired by regulation in Lake
McClure since 1926, and by a small diversion from Big Creek,
a tributary of South Fork Merced River, by the Madera
Irrigation District and its predecessors since the turn of the
century. This diversion will be discussed in more detail in
subsequent sections of the report. The natural flow of the
Merced River at Exchequer was computed by adjusting the
recorded runoff to remove the effects of man's regulation.
Since the Exchequer station is at the base of the foothills
and is not in the area of investigation, its value lies in
providing a long-term record for correlation with and exten-
sion of the relatively short records of streamflow at other
stations

.

Variation in the runoff of the Merced River Basin
is illustrated by the following statistics of the natural
flow at Exchequer. The maximum annual runoff was 2,ll4,600
acre-feet or 224 percent of the 50-year mean and occurred in

26



TABLE 6

STREAM GAGIMB STATIONS
IN THE

MERCED, SAN JQAQUIS, CHOWCHILLA, AND FRESNO RIVER BASINS



the I9IO-II runoff season. In 1923-24 the runoff amounted to
only 252,200 acre-feet which is the minimum of record and
only 27 percent of the 50-year mean. Actual observed dis-
charge at this point has varied from no flow for part of
November 21, 1901, to 47,700 second-feet on January 31:. 1911.

Estimated mean annual natural runoff and monthly
distribution of the Merced River at Exchequer is shown in
Table 7-

Chowchilla River Basin

Streamflow records for the Chowchilla River and
its East, West, and Middle Forks have been maintained for
various periods since 1921. The natural runoff for the main
stem at Buchanan Dam site for the missing periods of record
was estimated to determine the mean period runoff. The
records of flow in the forks have been extended and adjusted
to reflect natural conditions by correlation with the mean
period runoff of the Chowchilla River at Buchanan Dam site.

Estimates of natural runoff of Chowchilla River at
Buchanan Dam site made for Bulletin No. 1 of the State Water
Resources Board, entitled "Water Resources of California",
were used for the period from 1907-O8 through I9IO-II. For
the period from 1911-12 through 1929-30, the values used
were those developed by the U. S. Army Corps of Engineers
for its Buchanan Project studies. Subsequent to 1929-30 the
measured flow values were used. Comparison of the 50-year
mean flow, so developed, with the 51-year mean computed by
the Corps of Engineers for the period from 1911-12 through
1961-62 shows a difference of about 7^300 acre-feet annually.

Streamflow records for Chowchilla River at Buchanan
Dam site indicate that flow varies between wide limits during
a given year. For example, in 1955 when the maximum dis-
charge of record (30,000 cubic feet per second) occurred on
December 23, there was no flow from July 15 through
November 25. The annual natural runoff also fluctuates wide-
ly from year to year varying from an estimated 265,000 acre-
feet in 1910-11 to only 3^000 acre-feet in 1930-31. Table 7
presents the estimated mean annual natural runoff at
selected stations in the Chowchilla River Basin. The annual
natural runoff and the accumulated departure from the mean
annual runoff of Chowchilla River at Buchanan Dam site are
graphically depicted in Plates 5A and 5B, respectively.

Construction of the Buchanan Project on the
Chowchilla River will reduce the surface water outflow from
the area of investigation. It is estimated on the basis of
reservoir operation studies that this outflow averaged
15,000 acre-feet annually during the six-year base period.

28



TABLE 7
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Under long-term conditions of water supply with the Buchanan
Project completed, it is estimated that such outflow will
average about 9^100 acre-feet annually.

Fresno River Basin

Although records of streamflow on the Fresno
River have been compiled continuously since November 1915^
these historic data include ungaged quantities of "foreign"
water. Water from the Merced and San Joaquin watersheds has
been imported since I888 and I897, respectively. Under a

water right claim of the Madera Irrigation District, up to
50 second-feet of water is diverted from Big Creek near Fish
Camp to the Lewis Fork of the Fresno River. The so-called
Soquel Diversion on North Fork Willow' Creek, about 6.5 miles
north of Bass Lake, likewise transfers up to 50 second-feet
of water to the Fresno River Basin. This diversion also is
made under a claimed water right of Madera Irrigation
District and will be discussed in more detail subsequently
in the report. Until recently (1958 on Big Creek and I96O
at Soquel), records of the amounts of diversion were either
nonexistent or sporadic. This inadequacy of records to-
gether with the fact that these diversions antedate any
streamflow records in this vicinity make it difficult, if
not impossible, to construct accurate estimates of natural
flow for the affected streams"! Therefore, it was con-
sidered more practical to extend the historical record to
the 50-year mean period than to estimate the natural runoff
of the Fresno River near Daulton.

The historical and computed runoff of the Fresno
River near Daulton thus developed was compared with values
used by the U. S. Army Corps of Engineers for its Hidden
Project. This comparison disclosed an apparent discrepancy
of 11,000 acre-feet annually for the mean periods used. The
51-year mean period used by the Corps of Engineers, however,
is from 1911-12 through 196I-62 and includes the relatively
dry years of 1958-59. 1959-60, and 196O-6I. Further, the
relatively wet years of I908-O9 and I9IO-II included in the
50-year mean period are excluded from the Corps' study.
Analysis of the period common to both studies — 1911-12
through 1956-57 — disclosed a difference between the two
studies of only 200 acre-feet in the mean annual runoff.
Greater differences occur during individual years; these,
however, may be attributed to the use of different streams
for correlation studies and are not believed to be signifi-
cant in the overall analysis of the hydrology.

Runoff and streamflow in the Fresno River Basin,
in common with that of most California streams, vary between
wide limits from year to year and from season to season.
Estimated mean annual historical runoff of Fresno River at
Daulton is 86,100 acre-feet. Contrasted with this is an
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estimated minoff of 318,500 acre-feet In 1937-38 which is
467 percent of the mean and 9,100 acre-feet in water year
1930-31 • Streamflow at this station during the period of
record (19^1 to date) has varied from a maximum of 17,500
second-feet on December 23, 1955, to no flow at times
during most years.

Estimated annual runoff at selected stations in
Fresno River Basin is shown in Table 7. Plates 6A and 6B
show, respectively, the estimated historical runoff and ac-
cumulated departure from the mean annual runoff of the
Fresno River near Daulton.

Reservoir operation studies conducted for the
Hidden Project indicate that Fresno River water flowing
out of the -area of investigation averaged 19,800 acre-feet
annually during the six-year base period. These studies
also indicate that with construction of the Hidden Project
the average long-term outflow from the Fresno River
will be reduced to 9,700 acre-feet annually.

San Joaquin River Basin

Although the previously discussed stream systems
are tributary to the San Joaquin River, this portion dis-
cusses that part of the watershed within the area of investi-
gation which drains directly to the main stem or major forks
of the San Joaquin River. Runoff records for this portion
of the San Joaquin River Basin are more extensive than for
the other three streams draining the area. A continuous
record of runoff of the San Joaquin River below Friant has
been maintained since 1907- Many other stations also are
gaged regularly and have various lengths of record.

The San Joaquin River is regulated by nine reser-
voirs and provides flows for twelve powerplants. The largest
of these reservoirs (Millerton Lake, at a streambed elevation
of about 350 feet above sea level and located on the Madera-
Fresno County line) has a usable capacity of about 390,000
acre-feet above the Friant-Kern Canal outlet. The remaining
eight reservoirs have a total usable storage capacity of
about 609,000 acre-feet. The earliest storage began at Bass
Lake (formerly Crane Valley Reservoir) in I901. Bass Lake
is the only one of these reservoirs located entirely within
the study area and is owned and operated by Pacific Gas and
Electric Company for hydroelectric power generation. The
original dam, built in I90I, was raised in I910 to its pre-
sent height, thereby increasing the usable capacity of Bass
Lake to 45,100 acre-feet.

Mammoth Pool Dam and Reservoir, located on the main
stem of the river, is owned and operated by Southern
California Edison Company for generation of hydroelectric
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power. The boundary of the area of investigation passes
through this reservoir, which was completed in 196O and is
the newest on the San Joaquin River. It has a usable capa-
city of 119,900 acre-feet above a minimum pool of 2,780
acre-feet. The remaining six reservoirs mentioned above are
located on forks or tributaries of the river within Fresno
County, outside the area of Investigation.

Although the flow in the San Joaquin River is
presently regulated to a large degree by the reservoirs pre-
viously mentioned, estimates of natural runoff were made at
several stream gaging stations and at potential water
development sites. Surface water records of the San Joaquin
River at Friant indicate the following characteristics:

1. Mean annual runoff for the 50-year period is
1,703:,800 acre-feet.

2. The maximum estimated annual natural runoff
occurred in 1937-38 and was 3,688,400 acre-feet, or
216.5 percent of the mean.

3. Minimum annual natural runoff was 444,900
acre-feet, or 26 percent of the mean, and occurred
in 1923-24.

4. The maximum recorded streamflow prior to
regulation by Millerton Lake was 77^200 second-feet
on December 11, 1937.

5. A minimum discharge of 30 second-feet was
recorded on July 29^ 1940.

Table 7 shows estimated mean annual natural runoff
at selected locations in the San Joaquin River Basin. The
estimated natural runoff and accumulated departure from the
mean annual rnanoff of San Joaquin River below Friant are
shown graphically on Plates 7A and 7B, respectively.

Other Streams

In addition to the four major streams discussed in
the preceding paragraphs, there are several minor ungaged
streams in the Madera area. The minor streams drain about
76 square miles of foothill watershed and contribute runoff
to the valley floor. Inflow to the valley floor from this
ungaged area was estimated by using the concurrent records
of the runoff of Cottonwood Creek near Friant and of the pre-
cipitation stations at Friant Government Camp and San Joaquin
Experimental Range in an area-precipitation correlation.
Results of the study for the nineteen seasons of concurrent
record (1941-42 through 1959-6O) indicate a mean runoff of
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approximately 7^000 acre-feet annually from the ungaged
minor streams at the foothill line. Maximum and minimum
computed annual runoff was 37jOOO acre-feet in 1957-58 and
zero in 1958-59-

Runoff Summary
"

Runoff from the mountainous areas contributing to
the water supply of the valley floor includes the following:

1. Estimated natural flow of the Chowchilla River
at Buchanan Dam site.

2. Estimated historical flow of Fresno River at
the gaging station near Daulton including imports to
the basin from Big Creek and North Fork Willow Creek.

3. Estimated natural flow of ungaged minor
streams above the foothill line.

Although the San Joaquin River contributes rela-
tively large amounts of water to the area, these quantities
are not discussed in this section but are discussed subse-
quently under the headings "San Joaquin River Surface
Diversions" and "Subsurface Flow".

Estimates of average annual runoff from the moun-
tain areas above the foothill line are summarized in Table 8

for the mean period ( 1907-08 through 1956-57) and the base
period (April 1952 through March 1958).

TABLE 8

SUMMARY OF MEAN AND SIX-YEAR BASE PERIOD RUNOFF
TO VALLEY FLOOR FROM MOUNTAIN AREAS

IN MADERA AREA

(in Thousands of Acre-feet per Year)

: :Base Period
Base : Mean :in Percent
Period rPeriod: of

: :Mean Period

Fresno River near Daulton
(including imports) 72.6

Chowchilla River at Buchanan Dam Site 57.2

Minor Streams 8.2

Total 138.0 167.0
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Ground V/ater--Valley Floor Portion

The San Joaquin Valley is a huge ground water ba-
sin containing permeable water-bearing sediments underlain
and surrounded on three sides by consolidated impermeable
rocks. Madera County is located in the east central portion
of the San Joaquin Valley and is bounded on the east by crys-
talline bedrock of the Sierra Nevada, on the south and west
by the San Joaquin River, and on the north by the Chowchilla
River.

A reconnaissance study of the ground water geology
was performed to determine, evaluate, and summarize the
geologic factors which affect the occurrence, movement, re-
charge, and chemical quality of ground water in the area.
The geologic Investigation consisted of compiling and re-
viewing previous geologic reports and maps, obtaining and
evaluating available logs of wells within the study area,
and interpreting recorded ground water levels and chemical
water quality analyses. A limited amount of field work was
performed.

Two other comprehensive ground water investiga-
tions significant to this area are currently in progress.
These are "Planned Utilization of the Ground Water Basins
of the San Joaquin Valley" by the Department of V/ater
Resources, and a ground water investigation In the Madera
area by the U. S. Geological Survey in cooperation with the
Department of Water Resources.

Because of the studies cited above, a detailed
ground water study of the valley floor area was not under-
taken during this Investigation. Instead, all available in-
formation was utilized in preparing the following discussion.

Ground Water Geology

The San Joaquin Valley is an asymmetrical, elon-
gated basin bounded on three sides by mountains. The struc-
tural and topographic troughs of the basin do not necessarily
follow the same line. The mountains are the Sierra Nevada on
the east, the Coast Ranges on the west, and the Tehachapi and
San Emlgdlo Ranges on the south. The axial trough of the
basin is located southwest of the center line of this north-
west striking valley. The Valley 'is underlain by a thick
section of gently folded marine sediments of Cretaceous and
Tertiary age and unconsolidated Upper Tertiary and Quaternary
alluvial materials, on top of crystalline basement rock of
Paleozoic and Mesozoic age (section B-B', Plate 8). The
Upper Tertiary and Quaternary alluvial materials were depos-
ited as alluvial fans and flood plain deposits by the
streams flowing from the surrounding mountains as they
emerged from the foothills into the Valley, and as lake and
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swamp deposits in the low flat interior portions of the Valley.
As the alluvial fans grew from continuous deposition^ they
began to merge with adjacent fans to form a continuous, gently
sloping piedmont plain along the perimeter of the Valley.
These Upper Tertiary and Quaternary continental deposits con-
tain fresh water which is suitable for most beneficial uses
and which comprises the effectual ground water body of the San
Joaquin Valley. The older Cretaceous and Tertiary marine
consolidated and semiconsolidated sediments contain ground
waters high in salts; the underlying crystalline basement is
essentially nonwater-bearing.

The valley floor portion of Madera County ranges in
elevation from 120 feet above sea level along the valley
trough to about 450 feet above sea level along the Sierra Nevada
foothills. The loxifer areas of the Valley, to an altitude of
300 feetj are characterized by lov; alliivial plains and fans,
river flood plains and channels, and overflov/ lands. To the
east and above 30O feet in altitude, the topography becomes
hilly and is referred to as "dissected uplands" underlain by
older, compacted alluvial fan materials.

The San Joaquin River below Friant, as it emerges
from the Sierran foothills into the San Joaquin Valley, has
carved a mile-v/ide flood channel approximately 100 feet deep.
The stream itself meanders within the confines of the bluffs
carved by the dovmcutting stream. To the west, the flood
channel varies in width from over a mile to less than a half
mile as it crosses U. S. Highv/ay 99} and the entrenchment of
the channel decreases to less than 50 feet near Biola before
reaching the level of the surrounding surface at Gravelly Ford
Ranch. Then, along the interior valley floor area, the San
Joaquin River meanders northwesterly within the confines of
natural levees and within a zone that ranges in width from one
to two miles. These natural levees were formed at times of
flood when the river overflowed its flood plain and deposited
large amounts of silty material in the form of low ridges.
This process has raised the level of the San Joaquin River
above portions of the surrounding area in the valley trough.
The Fresno River has been deflected to the northwest by the
eastern natural levee and parallels the San Joaquin River for
many miles before it drains into the braided channel networks
of the latter.

The lesser intermittent streams emerging from the
Sierran foothills also have been entrenched into the hardpan
covering the dissected upland, but the depth of entrenchment
is much less than is that of the San Joaquin River.
Subsequently, these entrenched channels have been backfilled by
young alluvial deposits. The natural levees along these lesser
stream courses in the central valley floor portion are hardly
discernible

.
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Geologic Units and Their Water-bearing Properties

The distribution and relationships of the various
geologic formations are shown on Plate 9, 'Regional Geology".
For the purposes of this summary, only the water-bearing
formations are discussed in detail, whereas the less signi-
ficant nonwater-bearing formations are only briefly discussed
as a group. Some of the formations discussed do not crop
out In the Madera area and consequently are not shown on the
regional geologic map. These formations do occur beneath the
surface of the valley floor, however, and significantly
affect ground water conditions on the valley floor.

Basement Complex . The basement complex, which is
nonwater-bearing, consists of metamorphic rocks and intru-
sive Igneous granitic rocks of Paleozoic and Mesozolc age
which constitute the bulk of the Sierra Nevada. These
units essentially form the eastern boundary of the ground
water basin and dip gently under the valley fill sediments.
The basement complex was encountered in deep petroleum ex-
ploration holes at a depth of about 4,000 feet along U. S.
Highway 99 and at a depth of about S, 000 feet just east of
the valley trough in the Madera area.

Cretaceous and Tertiary Marine Sediments . The
Cretaceous and Tertiary marine sediments which overlie the
basement complex consist of folded and faulted beds aggre-
gating in excess of 8,000 feet in thickness in the Madera
area. These sediments, predominantly sandstone, shale, and
conglomerate, do not crop out in the Madera area. Included
in this grouping are the Panoche and Moreno Formations of
Upper Cretaceous age and Domegine, Kreyenhagen, Zilch, and
Santa Margarita Formations of Tertiary age. In most places
these formations contain saline or dilute saline waters in-
digenous to the formation (connate water). Only locally
along the eastern edge of the Valley do they contain fresh
waters where the saline waters have been flushed and re-
placed by fresh water infiltrating from surface sources. It
is suspected that waters from these sediments have not been
tapped by water wells in the Madera area.

Tertiary Continental Sediments. The Tertiary
continental sediments include sand and weathered clay of the
lone Formation, rhyolite detritus of the Valley Springs
Formation, and volcanic sand of the Mehrten Formation. These
formations occur along the eastern margin of the Valley and
gently dip westward under the younger valley fill sediments.
Near the surface they have been truncated and are overlain by
flatter-lying younger sediments of the Friant Formation and
old alluvial fan deposits. Of the Tertiary continental sedi-
ments, only the lone Formation crops out in the Madera area.
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The outcrops occur as locals small erosional remnants of
sandstone capping the basement complex along the eastern edge
of the Valley.

These Tertiary continental sediments contain water
of fairly good quality but are not ordinarily tapped by
water wells. Beneath most of the Valley, these formations
are too deep to be developed economically by wells.

Friant Formation . The Friant Formation of Upper
Tertiary age consists of loose to compacted fluviatile fan
sediments, predominantly sand with interbeds of silt and a
few local gravel lenses. These sediments are usually well
sorted. The upper beds are usually buff colored and locally
characterized by rhyolitic pumiceous sand and fine gravel
content, while the lower beds are greenish-gray. The Friant
Formation dips gently westward and crops out as a broad belt
along the eastern valley floor margin from the Chowchilla
River to the San Joaquin River and then discontinuously south-
easterly to the Kings River. Local, thick, highly permeable
gravel accumulations occur in the upper part of the formation,
both north and south of the San Joaquin River. These repre-
sent relic channels of the San Joaquin River. For the most
part, however, the Friant Formation ranges in permeability
from low to moderate.

Tulare Formation . The Tulare Formation which
crops out along the west side of the San Joaquin Valley may
be equivalent in age to the Friant Formation and old alluvi-
al fan deposits. It has been gently folded and dips under
the more recent valley fill and forms a broad syncline under
the San Joaquin Valley. Beneath the more recent valley fill
the Tulare Formation is believed to merge to the east with
the westerly dipping Friant Formation and old alluvial fan
deposits. The Tulare Formation is essentially an alluvial
fan deposit consisting of argillaceous sand and silt contain-
ing lenses of poorly sorted coarse sand and gravel. These
are generally loose to semiconsolidated; in drill holes, the
distinction between the Tulare Formation and the overlying
alluvial fan deposits can hardly be distinguished. Within
the Tulare Formation are numerous discontinuous clay lenses,
including a significant, apparently continuous clay bed
which covers most of the western central and northern San
Joaquin Valley. This continuous clay bed, deposited in a
fresh water lake environment, is diatomaceous and is commonly
referred to as the Corcoran Clay. From the western portion
of the San Joaquin Valley it extends easterly to approximate-
ly three miles west of U. S. Highway 99 In Madera County.

The Tulare Formation contains water of suitable
quality for irrigation except locally in the basal portion
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where saline waters occur. Along the west side of the San
Joaquin Valley^ this formation is extensively tapped by
wells

.

Old Alluvial Fan Deposits . The old alluvial fan
deposits of Pleistocene age represent old alluvial fan-headj
mid-fan, and terrace deposits along the eastern edge of the
Valley. These deposits consist of unconsolidated to loosely
consolidated, poorly sorted gravel, sand, and silty clay.
Well-developed soils and clay pans are characteristic of
these deposits. The subsoils locally may contain salts.
Portions of the old alluvial fan surface have been dissected
by down-cutting intermittent streams, and the resulting
carved channels have been backfilled by Recent alluvial fan
deposits

.

Generally, the old alluvial fan deposits are poorly
to moderately permeable. Moderately deep wells are tapping
this formation east of U. S. Highway 99- According to
drillers' well logs, drilled wells have encountered numerous
clay beds, some of which are up to 80 feet thick. Yields of
wells have been highly variable.

Basin Deposits . The Recent basin deposits are ac-
cumulations of unconsolidated fine silty and clayey sand,
silt, and clay occurring in the low, flat valley trough and
outer fan areas. These contain alkali soil and saline water
at shallow depths near the valley trough. The permeability
of these fine-grained deposits is generally low to moderate.
The poorly permeable surface materials of this formation
allow only minor downward movement of water. The basin de-
posits supply water to shallow wells in western Madera
County.

Young Alluvial Fan and Basin Rim Deposits . The
young alluvial fan and basin rim deposits, of Recent age, are
the alluvial fans of present streams and distributaries and
the flood plains of the San Joaquin River along the valley
trough, respectively. The alluvial fan deposits consist of
unconsolidated, undeformed sand and silt with lenses of
gravel and clay. As these fans became larger and more exten-
sive, they began to coalesce with adjacent fans and formed an
alluvial apron or a piedmont plain.' The basin rim deposits
consist of fine sand, silt, and clay and are the deposits
located in the flood channel of the San Joaquin River in the
valley trough area.

The young alluvial fan and basin rim deposits are
moderately to highly permeable and they contain the most sig-
nificantly developed aquifer in the valley floor portion of
Madera County. The thicknesses of these deposits could not
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be established because samples from drill holes are similar
to the underlying Tulare Formation, Friant Formation, and
old alluvial fan deposits.

Wells in Madera County are generally shallow
(less than 300 feet) and located within the areas of the
more suitable, free-draining soils of the alluvial fans.
Most of these wells tap ground water from the alluvial fan
deposits. Currently, wells in the lower portions of the
Valley are being drilled to greater depths with the result
that water is perhaps being withdrawn from the Tulare
Formation, both above and below the Corcoran Clay.

Occurrence and Movement of Ground Water

Ground Water Occurrence . Fresh ground water
in the valley floor portion of Madera County occurs princi-
pally in the upper portions of the unconsolidated continental
deposits, the maximum thickness of which is about 3*000
feet. Below depths of from 700 to 1,000 feet in the valley
trough, however, the water has been found to be generally
unsuitable for long-term irrigation use.

Beneath the western portion of the Madera County
valley floor, fresh ground water occurs in downward succes-
sion in an unconfined and semiconfined water body in
alluvial deposits of Recent, Pleistocene, and late Pliocene
age overlying the Corcoran Clay and in a confined water
body beneath the Corcoran Clay bed in alluvial and lake
deposits of late Pliocene age. In the eastern portion of
the valley floor, beyond the eastern extent of the Corcoran
Clay, the ground water body is essentially unconfined and
semiconfined, though it may be confined locally. Recent
water level measurements and water quality data collected
by the U. S. Geological Survey and the Department of Water
Resources indicate the presence of a perched ground water
zone in the western, or valley trough, area of the valley
floor. This condition has arisen from the general lowering
of the shallow unconfined and semiconfined zone in the
valley trough area, leaving a ground water body perched
upon drainage-restricting clay beds at depths of about 40
feet. This perched ground water body is of poor quality.
The areal extent of the perched water body could not be
fully delineated.

With the exception of the perched water zone
the fresh water body as a whole is essentially a continuous
water body within the Madera valley floor area and in
adjacent areas within the ground water basin. Any change
either in total pumping draft or in the amount of surface
recharge in one area affects ground water conditions in
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adjacent areas. Sometimes such changes affect even remote
areas but the greater the distance the less effect such
changes have.

Ground Water Recharge . The original source of
ground water is precipitation upon the tributary drainage
basins and upon the valley floor. Recharge to the uncon-
flned and semiconfined ground water body is provided by seep-
age from streams, underflow in permeable materials flooring
the canyons bordering the Valley, seepage losses from irriga-
tion canals and ditches, deep penetration of water applied
for irrigation in excess of plant requirements, and deep
penetration of rainfall on the valley floor. Much of this
recharge occurs in the more permeable upper and middle fan
areas of the young alluvial fan deposits. Seepage from
natural runoff, losses from irrigation canals and ditches,
and return flow of excess irrigation water are the major
means of recharge throughout most of the Madera area. The
principal source of recharge in the southern portion of the
area is the perennial San Joaquin River. Lesser streams,
particularly the Fresno River and the Chowchilla River to-
gether with the latter 's distributaries. Ash and Berenda
Sloughs, contribute greatly to the ground water because of
the augmentation of the natural flows by Madera Canal re-
leases into these streams . These stream channels together
with Dry and Cottonwood Creeks have moderate seepage rates
and are used for artificial recharge whenever water is
available in excess of demand.

Because the amount of rainfall is low, the amount
of direct recharge from rainfall is still considered to be
small even in the more permeable areas west of the hardpan
soil belt area of the Friant Formation and old alluvial fan
deposits along the eastern portion of the area. Rainfall,
however, meets the early seasonal demands for water which
would otherwise have to be pumped. Therefore, rainfall can
be thought of as a significant source of water supply even
though the direct recharge to the ground water itself may be
small.

Recharge to the confined ground water beneath the
Corcoran Clay is from the unconfined and semiconfined ground
water body beyond the eastern edge of the confining bed, and
also in part by leakage through wells and by slow downward
penetration through the confining' bed where the hydraulic
head of the confined water body is lower than that of the
unconfined water body.

Ground Water Movement . Before ground water was
developed in the Valley, the ground water levels were at or
near the ground surface over much of the valley area, and
the movement of ground water in Madera County was downslope
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from the Sierran foothills southwesterly to the valley trough
area and into the San Joaquin River. Accumulated waters in
the swampy valley trough area in part ran off and in part
evaporated, leading to the accumulation of salts in the ba-
sin deposit soils.

Development of the unconfined and semiconfined
ground water by pumping has lowered the ground water levels
and locally caused ground water gradients toward pumping
troughs. The swampy areas in the valley trough have receded,
and portions have been reclaimed for agriculture. Also, the
lowering of the water levels has induced influent seepage
from the San Joaquin River into the ground water body in the
southern portion of the valley floor; prior to ground water
development, ground water seeped into the river. A ground
water map for fall of 1939 indicated a movement of ground
water from Fresno County obliquely (northwestward) under the
San Joaquin River toward pumping troughs in Madera County.
Since then the draft on ground water in Fresno County has
increased and modified the gradient to such an extent that a
ground water ridge under the San Joaquin River now separates
two pumping troughs on opposite sides of the county line.

In the central and northern portion of the valley
floor the current general trend of the ground water is still
downslope westward toward the valley trough and then north-
westerly to a pumping depression centered near El Nido,
Merced County. This general gradient is interrupted by
numerous pumping depressions interspersed with ridges and
mounds

.

The gradient in the unconfined and semiconfined
ground water along the eastern portion of the valley floor
in the poorly to moderately permeable Friant Formation and
old alluvial fan deposits slopes southwesterly approximately
10 feet per mile. The gradient in the southwestern portion
regularly flattens out to two or three feet per mile despite
heavy pumping, indicating the presence of relatively perme-
able aquifers. The ground water levels are highly irregular
in the northwestern portion with steeply sloping ground
water ridges underlying streambeds and irrigation laterals,
and with depressions in pumping areas. These irregularities
of the ground water surface indicate that the underlying
alluvial beds are not as permeable as those beds in the
southern portion of the area.

In 1958 the shallow ground water level in the flat
valley trough areas was a nearly static level surface inter-
rupted only in local areas where shallow wells were pumping.
V/ater levels in this area were from 10 to 20 feet below the
land surface. Since then, this shallow ground water level
has gradually declined with a resulting body of water perched
upon restrictive clay beds above the unconfined water table.
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V/ater level measurements during February of I965 indicate
the unconfined water level in the trough area was about 50
feet below the land surface and the level of the perched
water table ranged from 10 to 40 feet below the land surface.
Little is known about the monthly and yearly fluctuations
of levels of the ground water bodies in this area.

Movement of the confined ground water in the
Madera area is from its forebay area east of the edge of the
confining bed, southwesterly to the heavy pumping areas in
the Los Banos-Mendota area along the west side of the San
Joaquin Valley. Newly constructed wells in excess of 300
feet deep located just east of the valley trough area within
Madera County have only recently begun pumping from the con-
fined water body to a significant degree.

State VJell Number
in this report was develope
and is based on the townshi
of the Public Land Survey,
in all ground water investi
Survey in California and ha
of Water Resources. In thi
assigned to a well in accor
to as the "State Well Numbe

The well numbering system used
d by the U. S. Geological Survey
p, range, and section subdivision
It conforms to the system used

gations made by the Geological
s been adopted by the Department
s report the number which is
dance with this system is referred

Under the system each section is divided into 40-
acre tracts lettered as follows:
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VJater Level Fluctuations . Under natural conditions,
water levels fluctuate cyclically corresponding to available
water supply for recharge and natural discharge from the
ground water body. On a seasonal basis the levels range from
a spring high to a fall lo'w, with a subsequent spring
recovery. Long-term trends of water level fluctuations re-
spond to long-term wet and dry cycles. These seasonal and
long-term fluctuations are greatly accentuated or modified by
seasonal irrigation over a number of years. The seasonal and
long-term fluctuations (hydrographs) of a few selected wells
are illustrated on Plate 10. The locations of these wells
are shown on Plate 11. These hydrographs indicate a maximum
seasonal range of fluctuation of 20 feet. The long-term
trend indicates the general ground water levels are declining.
The water level in well 10S/17E-9A1, located near Sharon,
declined at a rate of 3.8 feet per year between 1950 and I963.
A rate of about 3.2 feet decline per year between 1950 and
i960 was noted in well 12S/16E-27R, located 12 miles south-
west of Madera.

When water deliveries from the Madera Canal to the
Chowchllla Water District -- then a part of the Madera
Irrigation District -- commenced in 19^5^ the effect of the
added water was evident in wells within the service area.
Water levels in the areas of direct recharge held steady
from 19^5 to 19^8 and then began to rise slowly, although
runoff from local streams was subnormal for the period.
From south of Chowchllla to the San Joaquin River, well hydro-
graphs still indicated a steady dovjnward trend even with the
additional recharge from the Madera Canal deliveries. The
U. S. Bureau of Reclamation in July I96I outlined the prob-
able cause of the continually declining water levels contem-
poraneous with the augmentation of natural supplies by
Madera Canal deliveries as follov;s:

(a) Increased irrigation demand.

(b) Greatly increased draft on the west side
of the San Joaquin Valley from the confined water
body resulting in depletion of ground water storage
in the forebay area.

(c) Limited subsurface permeabilities con-
trolling the quantity of recharge from surface
sources

.

Because the confined water body in the Madera area
has not been extensively tapped by wells, the trend of the
piezometric head has not been closely monitored. The hydro-
graph of a well (U. S. Bureau of Reclamation, No. 10S/i4E-8b4)
located near Red Top and perforated beneath the Corcoran Clay
shoves a gradual decline, reflecting increasing subsurface
outflow in response to pumping from the deep zone on the west
side of the San Joaquin Valley. During I905-O7 the piezometric
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surface in the same area stood above the ground surface
and caused artesian flows from wells. In the spring of
1957, U. S. Bureau of Reclamation Well No. 10S/l4E-aB4
indicated the piezometric surface to be 40 feet below
the land surface, indicating a decline of at least 40
feet. This level was 10 to 20 feet above the free to semi-
conflned water body which was being pumped to a much
greater degree than the confined body within the area.
Since then the continued heavy pumping draft on the west
side of the San Joaquin Valley and the recent construction
of deep wells along the valley trough area in Madera
County have lowered the piezometric head of the confined
aquifer to well below the levels of the unconfined and
semlconflned water surface. By 1964 the piezometric
surface had dropped to about I50 feet below the land
surface in places along the valley trough. The drop was
much more marked in the heavily pumped areas west of
Madera County. This lowering of the piezometric surface
within the confined deposits has resulted in compaction
of the water-bearing materials accompanied by subsidence
of the land surface (deep subsidence). Recently, deep
subsidence has been noted in the valley trough area in
Madera County. It is believed that this subsidence has
been due to the recent acceleration of pumping from the
confined aquifer in western Madera County and/or the
continued heavy pumping in areas to the west.

Ground Water Storage

Prom data collected for the San Joaquin River
Basin Investigation in I96I by the Department of Water
Resources, estimates were made of the ground water
storage capacity beneath the valley floor portion of
Madera County. It was estimated that 3 million acre-
feet could be stored in the pore space above the water
table at that time.

The ground water storage capacity was estimated
by applying the specific yield of each depth Interval
to the gross area of each unit area as follows:

31 = Ai (di syi + dg syg + d^ sy^^)

and

S = SI + S2 + S3 + Sn
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Where:

s Is the storage capacity of a subarea In
acre-feet

A Is the area of the subarea in acres

d is the depth of interval considered in
feet

sy is the average specific yield for the
interval expressed as a fraction or
percentage

S is the storage capacity for the total
area considered in acre-feet

The specific yield of a sediment is defined as the ratio
of the volume of water which a saturated sediment will yield
by gravity drainage to the total volume of the saturated
sediment, customarily expressed in percent. The following
specific yields were assumed for the various typical
materials:

Gravel = 25^
Sandj medium to coarse grained = 2F>%

Sand; fine grained = 10^
Silt = 5^
Clay = 3^

Preliminary results of a study in progress by the U. S.

Geological Survey in cooperation with the Department of
Water Resources indicate that these values are probably low.
Therefore, storage changes calculated with these values are
probably conservative.

Agricultural development using surface and well
waters occurred in the valley floor area of Madera area
as early as the late iSOO's. W. C. Mendenhall* reported
that there were 30 flowing wells aggregating a total flow
of 8 cubic feet per second in the 350 square miles of
artesian water-bearing land in the western one-third of
the Madera valley floor area. These wells were 200 to
400 feet deep. Mendenhall also reported the existence of
15 pumping plants in the county for irrigation in 1906,
mostly in the vicinity of Borden where ground water levels
were at a depth of 10 to 20 feet. Pumping lifts were
usually 25 to 40 feet.

Subsequently, the draft on the basin has increased
rapidly, spurred by Intensive Irrigation development during
the late 1940' s. Both free ground water levels and the
plezometric head have gradually declined. All the flowing
wells reported by Mendenhall have long since ceased to flow.

*See Bibliography

.
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The following data on wells and well performances
for the Madera area are from U.S.G.S. Water Supply Paper
No. 1618*.

Average depth of wells (19^9-195^): 250 feet.

Estimated agricultural pumping (1955-1956):
800,000 acre-feet.

Range of average well yield and drawdown (1955-56)
East of U.S. Highway 99: From a yield of 439
gpm (gallons per minute) and a drawdown of I6
feet to a yield of 939 gpm and a drawdown of
20 feet.

Southwest Valley Floor portion: From a yield of
546 gpm and a drawdown of 17 feet to a yield
of 1,813 gpm and a drawdown of I8 feet.

Northwest Valley Floor portion: From a yield of
509 gpm and a drawdown of I8 feet to a yield
of 987 gpm and a drawdown of I6 feet.

As water levels decline, wells are being constructed
to a greater depth. The pumping of greater drafts from the
lower confined ground water body in the western portion of
the Madera valley floor area further lowers the piezometric
surface and causes subsidence of the land surface.

A program of artificial recharge was undertaken
by the Madera Irrigation District and the Chowchilla Water
District following construction of Friant Dam which made it
possible to conserve much of the San Joaquin River runoff
that would otherwise waste to the sea. Nonfirm water supplies
are purchased at low cost by the Districts. This water is

delivered to the Irrigators or spread for ground water replen-
ishment, depending upon the demand for water at the time it

becomes available. As previously mentioned, spreading areas
include stream channels such as the Chowchilla River, Ash
Slough, Berenda Slough, Dry Creek, the Fresno River, and
Cottonwood Creek; irrigation canals; and laterals. This
program of artificial recharge has enabled water levels to

hold steady or to make slight, local recoveries in the
Chowchilla area and has reduced the magnitude of the general
decline in the area from south of Chowchilla to the San
Joaquin River.

The physical aspects of an extensive program of
artificial recharge of the ground water basin operated in
conjunction with surface storage have been studied by the
U.S. Geological Survey (Davis, et al., 1964*). An important

*See Bibliography.
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factor in all programs of artificial recharge is the avail-
ability of suitable quality water. Recharge by spreading or
ponding water on the surface may be limited by relatively
impermeable surface soil or subsoils and Impermeable sub-
surface deposits which restrict the movement of water to
deeper, more permeable deposits. There are favorable areas
for surface recharge spreading sites south and southwest
of Madera, as Indicated by the U. S. Geological Survey.
Depth to the water table was 60 to 80 feet in 1964. There
is a possibility that raising the water table at these
potential recharge sites would cause a recurrence of a
high ground water table problem to the west along the valley
trough area.

The areas east of U. S. Highway 99 are generally
not suitable for artificial recharge because of the presence
of an extensive hardpan covering, except in the southern
portion along the San Joaquin River. It is suspected that
a significant portion of water applied for artificial
recharge in this excepted southern portion would seep
southwestward to the San Joaquin River in the bluff area
east of U. S. Highway 99.

Effective artificial recharge in other areas in
the Madera valley floor area is somewhat limited by restric-
tive surface and subsurface deposits. However, a spreading
of water along stream channels by the Chowchllla Water
District and the Madera Irrigation District has had varying
success

.

The effects of the operation of the San Luis
Project, whereby imported surface water will serve areas
along the west side of the San Joaquin Valley where heavy
draft upon the confined water body is occurring, cannot yet
be fully evaluated. The project operation will enable farm-
ers on the west side to reduce the heavy pumping draft on
the lower confined aquifer and thereby should reduce the
subsurface outflow from the Madera area and other areas east
of the confining bed.

«

The proposed flood control projects of Buchanan Dam
on the Chowchllla River and Hidden Dam on the Fresno River,
when completed, will conserve for beneficial uses flood waters
which would otherwise waste to the sea. These projects will
also increase the water supply available to the Madera area.

Change in Ground Water Storage . The average annu-
al change in ground water storage during the six-year base
period for the valley floor portion of Madera County was com-
puted in the following manner. Each township was subdivided
into nine subareas of four sections each as shown below:
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64o is a constant to convert square miles to acres;
and

A is the number of square miles in the subarea.

A negative change in storage indicates a lowering
of the water table and vice versa.

Following the computation of change in storage for
each subarea, the values were added algebraically to deter-
mine the overall change in ground water storage. For the
valley floor portion of Madera County, this averaged -52,800
acre-feet annually during the period from April 1952 through
March 1958. This averages a little less than one-tenth
acre-foot per acre per year for the 5^7^000-acre valley
floor portion of Madera County.

The estimates of the change in ground water eleva-
tions and of specific yields in the above computations are
each considered to be subject to about 25 percent error be-
cause of a lack of sufficient data. It is believed that the
actual average annual change in ground water storage, there-
fore, could range between -30,000 acre-feet and -83,000
acre-feet

.

Ground Water -- Oakhurst-Ahwahnee Area

Because of the potential increase in homesite
development in the mountainous-foothill area of Oakhurst-
Ahwahnee, formerly known as Fresno Flats, a ground water
study of a reconnaissance scope was undertaken. Compared
with the pervious sedimentary and alluvial materials which
contain and transmit water through their interstices, the
crystalline bedrock which underlies the Oakhurst-Ahwahnee
area could be considered essentially as nonwater-bearing.
The ground water supply that does occur within the bedrock
unit is confined to fracti;ire openings in the otherwise im-
permeable bedrock. However meager this ground water supply
is, it currently represents virtually the only developed
source of domestic water supply and may possibly become
very significant as an additional supply for future
development. For this reason, the Oakhurst-Ahwahnee drain-
age area is treated here as a ground water area with zones
of fractured granitic rocks representing aquifers. The
number of wells constructed within the area could not be
estimated but there may be several hundred. With the land
actively being subdivided by developers, the number of wells
constructed in recent years has been increasing and probably
will continue to increase as the land is subdivided. For
the purpose of this study, the boundary of the Oakhurst-
Ahwahnee area or basin is the drainage divide as outlined on
Plate 9.
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Located in the Central Sierra Nevada foothills in
Madera County, the Oakhurst-Ahwahnee basin includes the area
drained by the Fresno River and its tributaries above VJindy
Gap. Windy Gap, a narrow, rocky water gap, forms the basin
outlet through a ridge formed by Crook and Potter Mountains.
The principal tributaries of the Fresno River in the basin
include Lewis Fork, Nelder Creek, Miami Creek, and Peterson
Creek. The topography is mountainous and is moderately steep
in the higher basin rim areas and becomes somev;hat flatter in
the lower areas. The basin ranges in altitude from l875 feet
above sea level at Windy Gap to 7131 feet at Speckerman
Mountain on the drainage divide at the head of Lewis Fork.
Local topography is principally controlled by the numerous
joint systems which have developed on the bedrock surface.
Runoff is actively carving the landscape, favoring joint
plane v;eaknesses.

The purpose of this study was to determine and
evaluate the geologic factors which affect the occurrence,
movement, recharge, and chemical quality of ground v;ater in
the area. Also, a very generalized attempt was made to es-
timate the future potential development of ground water
within the basin.

Only a limited amount of field work was undertaken
for this reconnaissance study. Much of this study was based
on elementary principles of ground water geology in crystal-
line rocks as outlined by C. F. Tolman* (1937) and on empiri-
cal data from a ground water hydrology study by P. M. Johnston*
(1962) in the Fairfax Quadrangle, Virginia. Local well
drillers and water pump distributors were interviewed in re-
gard to well performances and current well construction
practices. A total of 75 available logs of wells in the basin
were inspected and evaluated as part of this study. Because
of the somewhat generalized nature of this study, the basin
principles assumed and the methods of approach used may be
extrapolated and applied to nearby similar crystalline rock
areas which are growing rapidly, such as the Bass Lake-North
Fork, Raymond, and Coarsegold areas.

General Geology

The Oakhurst-Ahwahnee basin is underlain principally
by Cretaceous-Jurassic age granitic rock. Smaller portions
are underlain by pre-Cretaceous age metamorphic rocks and
Recent stream channel alluvium as shown on Plate 9* Within
the basin, much of the granitic bedrock is mantled by a thin,
discontinuous soil and 'decomposed granite" cover which was
weathered in place. On the flatter valley portion of the ba-
sin where drainage is not as rapid as in the steeper basin
rim areas, the "decomposed granite" mantle becomes more exten-
sive and thicker. The depth of this mantle varies from to

See Bibliography

.
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over 100 feet. It is on this flatter topographic area that
most of the home development has occurred and is expected to
occur to a higher degree.

Most of the water from wells in the basin is ob-
tained from fractures in the bedrock, but some is also
obtained from the weathered residual soil and "decomposed
granite" overlying the granitic bedrock.

Pre-Cretaceous Metamorphic Rocks

The pre-Cretaceous metamorphic rocks, which consist
principally of schist, phyllite, and metavolcanic rocksj
occur as erosional remnant roof pendants atop the ridgeline
along the western drainage divide formed by Miami, Crook,
Potter, Thornberry, and Goat Mountains. The schistosity or
foliation, a dominant feature exhibiting parallel parting
planes in metamorphic rocks, generally strikes northwest.
The metamorphic rocks generally weather to a reddish-brown
or yellow-brown clayey-silty soil containing mica flakes,
quartz grains, and rock fragment grains. The average depth
of weathering was not ascertained but it is suspected to
range from to 50 feet normal to the surface.

Due to the distribution of this formation along the
ridgeline and its limited areal extent, the pre-Cretaceous
metamorphic rock does not represent a significant source of
water in the Oakhurst-Ahwahnee area.

Granitic Rock

The granitic rock unit, within which nearly all
ground water development in the basin occurs, represents a
portion of the Sierra Nevada batholith which consists of a
series of acidic igneous intrusive bodies. During the upper
Jurassic or lower Cretaceous periods these bodies IntmAded
the pre-Cretaceous metamorphic rocks which once covered the
area and have since been mostly stripped away by erosion.
The granitic rock ranges in composition from granite to
diorite. When unweathered, the granitic rock is light
colored, medium grained, hard, and massive.

At the surface and in the zone beneath the surface,
the unweathered granitics are dissected by numerous joint
systems (parallel series of joints). Among the most persis-
tent Joint systems is one which is nearly horizontal or
generally nearly parallel to the land surface. This system
is probably caused by an upward extension of the rock mass
resulting from the unloading of the overlying rock which once
covered the area and has since been removed by erosion. Two
other joint systems plus local random systems are generally
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prevalent for a given area. The frequency of jointing is
expected to diminish with depth.

Exfoliation is commonly exhibited on surface out-
crops. This accounts for the rounded and smooth nature of
many of the granitic rock outcrops.

Ground water occurs in the joint and exfoliation
fractures when these planes are open. Products of weathering
in the form of clay have a tendency to form along joint and
fracture planes and thereby impede or seal off the movement
of ground water. Because fracture frequency diminishes with
depth, the quantity of ground water diminishes with depth.

In the more topographically subdued areas of the
granitic terrane, an extensive mantle of soil and "decomposed
granite" of highly variable depth commonly develops. The
soil cover in the area, which varies from a few inches to
about three feet in thickness, is generally a reddish-brown
clayey sand. It has a lower permeability and does not trans-
mit water readily. This soil mantle is underlain by a highly
variable depth zone of "decomposed granite" ranging up to 100
feet or more in thickness above the unweathered bedrock. This
"decomposed granite" mantle resulted from deep in-place weath-
ering of the granitic rock. This weathered rock has retained
much of the original texture and color of the granitic rock
but is generally soft and friable. The decomposed zone is in-
tersected by numerous fractures and joints, many of which have
been sealed by clays and other products of weathering.
Residual boulders of relatively unweathered granitic rock are
common within the decomposed mantle, some of which may be over
10 feet in diameter.

Ground water in the "decomposed granite ' zone occurs
chiefly in the residual open joints and fractures. In general,
the "decomposed granite" itself is only very slightly
permeable.

Alluvium

Alluvium, consisting of sand, sllty sand, and some
gravels, represents minor deposits along the stream courses.
The depth of these deposits generally does not exceed 15 feet.
These deposits are highly to moderately permeable and receive
continuous recharge from streamf lows and springs flowing from
granitic rock which underlie them. As long as this recharge
is Sustained, shallow wells or infiltration gallery-type
water systems could probably be developed in the alluvium.
One system of the latter type is in operation along the
Fresno River near Oakhurst. The current development of
ground water from the alluvium in the basin is not generally
extensive, however, because of the limited occurrences of allu-
vium along the stream channels. Shallow wells tapping this
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source could be subject to pollution from surface sources.
Owing to its small area, the alluvium distribution in the
Oakhurst area is not delineated on Plate 9.

Occurrence and Movement of Ground Water

Crystalline rocks themselves, because of their com-
pactness and tightly interlocking grains, yield very little
or no interstitial water to wells. VJithin this crystalline
granitic rock basin, ground water occurs .chiefly in open
joints, fractures, and exfoliation planes, with perhaps
smaller amounts in the interstitial openings in the "decom-
posed granite". Most of the rocks in the area have been con-
siderably disturbed by earth movements and thus contain water-
bearing openings. The depth below the surface to which joints
and fractures may be open is limited by the ability of the
rock to hold the fractures open under the weight of the over-
lying rock and soil mass.

Ground water movement in rock openings is influenced
by physical character and the degree of interconnection of the
joints and fractures. These tabular joint and fracture-filling
water bodies vary in thickness and may be a mere filament
of water. More often these tabular water bodies are of super-
capillary size and subject to flow. The fissures either may
be interconnected over a widespread area or may be a single
fracture or group of fractures not connected with an adjacent
water body.

If the openings are Interconnected, a common water
table results; if openings are isolated, each has an individual
water table. The water-table slope in this mountainous area
generally varies with the relief of the land surface and, hence,
has greater relief than in the flatter plains underlain by per-
vious alluvial materials. Locally, however, the water table
in fractured rock may be flatter if the interconnected frac-
tures are of supercapillary size and frlctional resistance is
less than in interconnected capillary openings of tighter
fractures or alluvial materials. Where the fractures are
interconnected, the ground water would flow down the gradient
along the fracture plane opening. Topography exercises a
strong influence on the water-table slope since it controls
the escape of effluent seepage. Streams in the Oakhurst-
Ahwahnee basins are fed by effluent ground water seepage.
This seepage is largely responsible for sustaining the stream-
flows long after seasonal precipitation and direct runoff have
ceased.

Ground water in interconnected openings can occur
under water-table (unconfined) conditions or pressure
(confined) conditions. The confining pressure is caused by
water moving down along an inclined open joint, or fracture,
with the upper rock block acting as a confining layer.
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Varying degrees of confinement could also be caused by a
zone of relatively Impervious soil or decomposed rock over-
lying a highly fractured, pervious bedrock. Individual con-
fined conditions are limited to small areas, but so far as
larger areas are concerned (or looking at the area as a
whole), the water body may be considered as essentially that
of a water-table condition.

Ground water in the Oakhurst-Ahwahnee area is de-
rived from precipitation within the basin. In this mountain-
ous area much of the rain falling and of snow melting upon
the ground surface may run off directly, with the remaining
portions seeping into the ground, being transpired by plants,
or evaporating. The proportion of precipitation that follows
each course depends upon duration and rate of precipitation,
topography, soil and subsoil properties, kind and amount of
vegetation, and season of the year.

Where bedrock is exposed, generally in areas of
steeper slopes and limited vegetative cover, direct runoff
is usually rapid and recharge is a much smaller portion of
the total than in areas of lower relief and soil cover.
Recharge seeps directly into fractures and, acting under the
force of gravity, moves along open fractures to the ground
water table.

Where the bedrock is completely fractured and disin-
tegrated and where the bedrock is overlain by soil and decom-
posed rock mantle, direct runoff of precipitation is con-
siderably less than it is where solid bedrock occurs at the
surface, although it still amounts to a significant portion
of the total precipitation. Not only is the surface topogra-
phy much more subdued but also the residual soil and disin-
tegrated rock serve as a sponge and temporary reservoir which
absorbs rainfall and delivers it to the underlying fracture
system. Of the precipitation that infiltrates the soil, a
part may be absorbed by the soil moisture "reservoir" and a
part may be returned to the atmosphere through plant trans-
piration and direct evaporation. The remainder moves down as
recharge to the giK)und water.

In the Oakhurst-Ahwahnee area where infiltration
data are lacking, an average figure of five percent of the
total precipitation is assumed as potential recharge to
ground water.

Ground Water Levels and Fluctuations . Owing to the
irregular topography, the irregular distribution of bedrock
and soil mantle, the variable depth of the soil and decomposed
granite mantle overlying the bedrock, and the presence of in-
dividual water tables, the water level in the Oakhurst-Ahwahnee
area is highly variable, ranging from 5 to 75 feet below the
the surface. Artesian conditions exist in several wells.
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Several flowing wells were noted at apparently random
distribution.

Water levels in wells were not monitored in the
area; hence, data concerning short-term and long-term trends
of water level fluctuations are lacking. Because the water
table is generally at a shallow depth, is generally uncon-
fined, and because the ground water storage capacity of the
formation is small, it is suspected that water levels respond
quickly to precipitation that results in recharge. Most re-
charge occurs during the winter and spring months when most
of the precipitation occurs and the consumptive use by native
vegetation is the least. Consequently, water tables rise
from November to April or May. Water use is increased, how-
ever, from spring through early fall because of higher con-
sumptive use by native vegetation, the- increased number of
summer residents, and domestic garden irrigation. Toward
late summer or early fall, when the water table is at its
lowest level, some of the shallow wells go dry. The number
of temporary failures among shallow wells may increase sub-
stantially during prolonged periods of subnormal precipitation,

Water Well Data

Statistical data concerning well construction prac-
tices and well performances were not collected. The follov/ing
discussions on well data are based upon interviews with local
well drillers and the review of the 75 well logs for the area
on file with the Department. Most of the wells are used for
domestic purposes, few for industrial and municipal purposes.
Also, most of the wells were drilled in the topographically
subdued lower portion of the valley areas where the bedrock
is mantled by a variable depth soil and "decomposed granite"
cover.

Vifells in the Oakhurst-Ahwahnee area generally are
of two types, drilled and dug. Drilled wells are constructed
by two methods, rotary drilling and cable-tool (or churn)
drilling. It appears that over 90 percent of the wells have
been drilled since 195^ and that the majority of them were
rotary drilled. Prior to 195^ it is suspected that most of
the wells were either drilled by cable-tool equipment or hand
dug.

Drilled Wells . Wells can be made much deeper by
drilling than they can by hand digging. From the limited data
available, it was ascertained that drilled wells range from
34 to 322 feet deep, with the majority ranging from 70 to l4o
feet. V/ell diameters range from 7 to 10 inches. Rotary drill-
ing equipment generally encounters less difficulty in drilling
through unweathered bedrock than does cable-tool equipment;
this probably accounts for the greater number of rotary drilled
wells being constructed in recent years.
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A drilled well could obtain its water from both the
"decomposed granite" zone and the unweathered rock zone. If
the granitic bedrock occurs at a shallow depth, generally
less than 30 feet, the casing is extended through the soil
and "decomposed granite" and seated into the bedrock. On some
occasions the casing is extended to the depth that water is
encountered. A drilled well 100 feet or more in depth is not
likely to fail during the seasonal dry spell. If the casing
in a drilled well is properly seated and grouted by cement or
clay, the chance of pollution from surface sources is
minimized.

Normal well development consists of washing the
hole by circulating water and/or air for a short time to clean
the fractures of the drill cuttings. If an insufficient yield
is obtained from a well drilled to a predetermined depth, as a
last resort the well may be further developed by blasting of
the bedrock near the bottom of the well to open existing frac-
tures and initiate new fractures. The success of this method
has been spotty. Sometimes, the meager water supply already
developed in the well has been lost by this method.

Hand Dug Wells . A hand dug well receives most of
its water from the soil and "decomposed granite" zone over-
lying the granitic bedrock. Much difficulty would be encoun-
tered in extending a hand dug well through bedrock, although
it has been done to an extent where over half the depth of
a few dug wells are in bedrock. Blasting is required in hand
digging below bedrock. From the limited data available, it
appears that the existing hand dug wells range from l6 to 40.5
feet deep, and average about 25 feet. The diameters of these
dug wells range from 4 to 4.5 feet. Under normal casing prac-
tices, such wells have a steel casing that extends to a depth
of 10 or 15 feet, and the surface area around the casing is
grouted with cement. In some instances, casing is not
installed.

Hand digging below the water table is difficult;
consequently, many of the hand dug wells are not deep enough
to provide for natural fluctuations of the water table. Also,
where the soil and weathered mantle is thin, the water table
may fall considerably below the bedrock level during a dry
year, causing the well to fail. The well may have to be tem-
porarily abandoned or be deepened by drilling. For these
reasons, hand dug wells are best ada'pted for sites where the
water table is at a shallow depth.

The hand dug well, being of large diameter, has a
greater storage capacity than the smaller diameter drilled
well. Despite the slow yield from the formation rock, water
storage in the well may be sufficient to meet domestic and
house garden needs during day use and then recover during the
night. Being of shallow depth, hand dug wells are subject to
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pollution because they are supplied by near-surface water.
This should be guarded against by chlorlnatlon. Any un-
chlorlnated water supply should be periodically sampled and
tested for bacteria.

Water Well Performance . Yields of ground water
from fractured crystalline rocks are generally very low, al-
though in some instances flows in fractures encountered in
tunnels or mines have been spectacular. Such large flows for
sustained periods are the exception in the Oakhurst-Ahwahnee
area. According to local well drillers, pump distributors,
and the limited data on file, it appears that the yield of
wells ranges from one-half to 30 gpm, averaging from about
2 to 5 gpm. The yields from the few flowing artesian wells
located within the basin are also reported to be low, not
exceeding 30 gpm when pumped. Data on drawdowns are lacking
for the area. A 70-foot drawdown and a yield of 4 gpm were
recorded for a well located one-half mile west of Oakhurst.

It is suspected that the performances of wells re-
ferred to above are not true indications of the productivity
of the crystalline rock formation because equilibrium of
drawdown is not approached during the pumping operation. In
other words, the wells probably could not be pumped continu-
ously at the stated rates. The current well construction
practice is to install a submersible pump to a depth of two
feet above the bottom of the well. As the drawdown approaches
the suction level of the pump during operation, the pump is
automatically turned off.

With conservative use of water and employment of a
water storage system, it appears at present that wells in the
area, despite a generally low yield, usually provide an ade-
quate water supply for domestic needs during periods of
normal precipitation.

Selection of Well Sites . As previously mentioned,
joints and fractures are the principal controls of movement
and storage of ground water in the Oakhurst-Ahwahnee area.
Also, joints and fractures are the principal controls of
topography since the surface traces of these controlling fea-
tures have been etched in relief by erosion. Hence, the in-
terpretation of joints and fractures by topographic features
can be an aid in selecting apparently favorable well sites.
Gulleys, stream valleys, and low, broad valley portions of
the basin indicate zones of structural weakness where joint-
ing and fracturing of the rock are most intense. These
jointed and fractured areas indicate where rocks are permeable
and yield water freely. V/ells located in such zones have the
greatest possibility of success. The broad low valley areas
where a widespread mantle of soil and "decomposed granite"
have developed on the bedrock appear to be favorable well
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sites as demonstrated by the present water development.
These low-relief weathered areas are perhaps the more favor-
able recharge sites. Also, since surface water and ground
water move downslope toward these low areas, the water levels
tend to be at a shallower depth and do not fluctuate as wide-
ly as do those located atop a hill or a ridge.

Hilltops and ridgelines indicate areas of resistant
rocks where the frequency of structural rock openings can be
expected to be less than in the gulley and valley areas.
Water levels on hilltops and ridgelines are generally deeper
and tend to fluctuate in a wider range in response to climatic
variations

.

Municipal -Type Water Development . Because of the
low yields of the v;ells and the previous widely scattered
pattern of growth of the area, no extensive municipal water
system has been developed. At most, several domestic resi-
dences are serviced by a single well. The majority of the
new subdivisions do not provide a water service but require
each resident to drill a well on each lot. Although the
subdivided lots may have all been sold, the actual develop-
ment and occupancy of the subdivision may occur sporadically
over a long period. Perhaps three or four recently developed
subdivisions, however, have developed well fields to provide
water services for the lots.

Some subdivisions have developed springs to provide
a municipal-type water service. Springs are developed by in-
stalling large-diameter vertical infiltration wells which are
loosely lined with bricks allowing the water to infiltrate
them. The water is piped out of these infiltration wells
(usually located on hillsides) by gravity into a storage tank
located uphill from the subdivision. It was reported that
such a system is not entirely satisfactory due to the pos-
sibly detrimental effects on this near-surface developed
water.

The Royal Oak subdivision, located adjacent to and
south of Oakhurst, obtains its water supply from an infiltra-
tion gallery-type well situated in the alluvium along the
Fresno River. The components of this system include perforated
horizontal pipes buried in the pervious alluvium below the
water table leading to a central collector well. A chlori-
nation unit is also included. Such a system could develop a
water quality problem due to the development of shallow
water. This system is reported to be able to yield 165 gpm
on a sustained basis.

It appears that within the basin, an infiltration
gallery-type well in alluvium would be the only type of large
capacity well which could be developed. The optimum capacity
of the well would depend upon the extensiveness of the
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collector galleries and upon the sustained surface and sub-
surface flow of the stream which recharges the alluvium.

Ground Water Storage and Potential Development

Owing to the meager storage capacity of the frac-
ture opening aquifers, there is a lack of holdover storage
from the previous year's precipitation in a developed basin;
hence, any one year of subnormal rainfall may cause some
shallow wells to go dry. Two or more subnormal precipita-
tion years in succession may cause many shallow wells to go
dry. Plows in springs along the streams may also cease or
be greatly reduced. A following normal precipitation year
may, perhaps, restore ground water to nearly its original
level.

Neither the storage capacity of the basin, though
small, nor the amount of effluent seepage from springs into
the streams could be determined; therefore, the annual quan-
tity of ground water that could potentially be developed, as
determined here, is based upon the potential annual recharge
from precipitation. The potential recharge was estimated by
determining the average amount of precipitation that occurs
over the basin from recorded data and by estimating the pro-
portional amount of this precipitation that potentially could
seep into the ground as recharge. The average annual preci-
pitation over the basin ranges from 28 inches in the western
portion to 45 inches in the higher eastern portion; the
overall weighted mean average precipitation over the basin
was determined to be 36 inches. It was estimated that 5 per-
cent of the total precipitation could serve as ground water
recharge. Stream runoff, evaporation, soil moisture "reser-
voir", and consumptive use by native vegetation were
considered in determining the assumed proportion of potential
recharge. The Oakhurst-Ahwahnee basin area is 100 square
miles. The amount of ground water recharge was thus calcu-
lated to be about 3 billion gallons per year or 9,600 acre-
feet per year. The current permanent population in the
basin is estimated to be 2,000. If the per capita use of
water is 150 gallons per day, the present annual water
use is about 110 million gallons per year. This amount is
provided almost entirely from ground water. Thus, it is
estimated that only a small part of the possible potential
annual supply is currently being used. In practice, it is
estimated that recovery of the total recharge could not even
be approached economically. The calculation above does in-
dicate, however, that it may be possible to develop substan-
tially more ground water than is presently being pumped.
Although it is estimated that only a small part of the poten-
tial recharge is currently being developed, the lack of year-
to-year hold-over storage is due to the limited storage
capacity of the fracture openings and to the recharge perco-
lating down gradient and discharging unused into the streams.
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It should be noted that fracture opening zones are
not continuous and each area may involve individual ground
water bodies. Each individual drainage area within the basin
represents a subbasin with the crystalline rock drainage
divides serving as impermeable barriers. Each major subbasin
(major tributary drainage) could be divided into innumerable
and still smaller subareas. Since the streams are effluent
(where a stream serves as a drain to ground water) ground
water recharge along channels of the main drainages is not
expected except in local areas where operating wells located
close to the stream channel may induce recharge. Ground
water recharge to each subarea is dependent upon that preci-
pitation which falls within the individual subarea. Thus,
based upon the ground water recharge source being located
within the local drainage area, and the very limited ground
water storage capacity of the crystalline rocks, a high con-
centration of water development within a local area cannot
be achieved even though the generalized overall basin-wide
calculation indicates an apparently sufficient quantity of
water.

It should also be noted that the performance of an
individual well still depends upon the number of water-
bearing fractures encountered. Even though calculations in-
dicate that substantial potential ground water is available,
the prospective well may yield an insufficient quantity of
water if only a few water-bearing fractures are encountered.
The individuality of well performance is a characteristic of
a crystalline rock basin.

Another limiting factor of ground water develop-
ment may be future possible pollution problems in unsewered
areas of high urban development. This will be discussed in
more detail in the following section under "Water Quality".

Water Quality

Valley Floor Portion

To provide a quality inventory of the water supply
available to the Madera area, the Department of Water
Resources regularly collects and analyzes samples from repre-
sentative wells in the valley floor area. In addition, the
Department of Water Resources maintains a quality surveil-
lance program on the Chowchilla River, the Fresno River, and
the San Joaquin River. During this investigation the quality
surveillance program on the San Joaquin River included sam-
pling the river at various locations not only by the
Department of Water Resources but also by the U. S. Geological
Survey and the U. S. Bureau of Reclamation. The locations of
sampling points are shown on Plate 11. Surface water samples
collected from eight stations in 1961 were analyzed, and the
results are shown in Table 9- Table 10 shows the results of

60



i

P
1 ^ 4* -H &

&
P

rH 1 if 13 p.

a) m ^ -H
+J -H H rH
o tj o o

o pi
6|c/3

:J -o fa

Cf r^ 13 t-t

-fl -H U

H +J O- (0 CO

O 0) Of^ +3 O

U (0

o C O
•H Oj ^ O
Vi +^ ao
-H O O LiA

1 3 Jh OJ

op
did

cop

op
did

irv|o

iA|d

w o S a

(0 >i E

S

I W4h

ft) -H tt; tH
+J -p H •

ro

Op
did

dl

5

ol -l
• o
o|

8^

OJJO
d|d

colo

d|d

o|o

r4 OO •

• o

39

H f^

did

d|d

fCT\|o
cup
ojjd

3 Id

co[m

vd|(

O i'^

<-3

°
m|o

«|o

a

I

<S

E

E

C?!

61



CQ

O «
oe o
tj o
Ik, b,

°^
as

>*••«•



•o

3

1 o 2 o
•H O EC
pa J3

-P -y o

;3§
-H -H «

• 6 tn o
o t) o in

o
o

Io

,e-

n
00
IO

C\.|C\J
2 <o

«t-|w

O
o

o

Iotn
Iin

l<o la

<X>|0 T)-|c

r.|o colu
CO • ml

OOlCM
t-tl •
«lin

ofoo
r-(| •

|-I|CM <-llrH

olo olo

|o
|o

p.
I'*

r-1

o

iin
IO

ID ICM
• col •

tH CmIiH

o|o

IoM
o

in

(ClO

1?o • . .

U3

o

o

I<M

iio leo iin ICO i

iH MrH CnlrH NIO IrH CO I

o c^lo r--|o «|o r^|o cm|

p; ^

o •
lolo

o o

CO
GO

63

~
OOlcsJ

I

CM
CO

CVJ

&



g
o

o

23

^f.

O (X
o: oo o

°>~

U .J

3

O CL

n

m ^

2 m

3

a
3

5

o •6

a S

?:



-



ground water analysis. In addition, numerous surface and
ground water samples collected in and near the Madera area
have been analyzed and the results published in Bulletins
No. 65 and No. 66 series, respectively, of the Department of
Water Resources. Beginning in 1963, results of both surface
and ground water analyses have been published in the
Department's Bulletin No. I30 series.

Surface Water . Streams in the Madera area origi-
nate in the Sierra Nevada and drain a predominantly crystal-
line rock terrane. Runoff is generally of good to excellent
quality for most uses. All the streams except the San
Joaquin River are intermittent; they are generally dry in
their lower reaches during most of the summer each year.

Beginning in 1958, the Chowchilla River was
sampled monthly at Buchanan Dam site. In I962 the sampling
point was moved to near Raymond. Since June 1963^ samples
have been collected twice a year. Analyses of samples indi-
cate the character of the Chowchilla River runoff to be
usually a calcium-sodium bicarbonate-chloride type ranging
in TDS (total dissolved solids) from 50 to 48l ppm. During
the low flow of the fall months, however, the v;ater Is
generally a sodium-calcium chloride type. Occasionally
chloride concentrations rise above the class 1 agricultural
limit of 175 ppm. The waters of the Chov/chilla River have
been within the quality limits for drinking and, with the ex-
ception of the occasional above-average chloride concentration
have been class 1 for irrigation uses.

The Fresno River is currently being sampled twice
yearly near Daulton. Between January 1958 and July 1963^
sampling was performed on a monthly basis. The analyses in-
dicate that the character of the water is generally a calcium
sodium bicarbonate type. The TDS range from 5I to 23I ppm
which is considerably lower in concentration of mineral con-
stituents than are the waters of the Chowchilla River. The
quality has been consistently within the recommended limits
for domestic and irrigation uses.

The San Joaquin River is currently being sampled
four times a year below Friant Dam and monthly below Mendota
Dam by the Department. Formerly, water samples were collected
from the San Joaquin River by the U. S. Geological Survey near
Biola, U. S. Bureau of Reclamation' at Whitehouse, and the
Department and U. S. Bureau of Reclamation near Dos Palos.

Because of upstream developments the San Joaquin
River below Friant Dam does not show seasonal fluctuations in
quality that occur in unregulated streams. The water is gen-
erally a calcium-sodium bicarbonate type, of consistently good
quality, and low in concentrations of mineral constituents.
The water has met mineral quality requirements for domestic.
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irrigation, and most industrial uses. Flows carried in the
Madera Canal should be of this same character.

Progressing downstream, the flow in the San Joaquin
River begins to decrease because of seepage and evaporation.
The quality of the water also becomes slightly degraded.

The water immediately below Mendota Pool is pre-
dominantly Delta-Mendota Canal water. Prom the Mendota Pool
to the Merced County line the water becomes degraded by irri-
gation return flows. The degradation is sufficient to change
the quality from class 1 (excellent to good) to class 2 (good
to injurious) for irrigation use and to questionable for do-
mestic use. The character of the water in this reach is
variable. Sodium and calcium are the predominant cations;
the major anions are bicarbonate and chloride. Except during
floods, the flow seldom extends to Dos Palos because of in-
fluent seepage and diversions.

Ground Water . The character and quality of ground
waters in the valley floor are variable. These variables are
dependent upon the amount and nature of soluble salts contained
in the enclosing sediments, the quality of the surface water
available for recharge, the quantity and quality of subsurface
waters percolating into the basin, and upon chemical changes
that occur (l) as the water percolates through the sediments
to the water body and (2) in the ground water reservoir itself.
Ground water in the valley floor area of Madera County general-
ly ranges from calcium bicarbonate to a sodium-calcium bicar-
bonate type, generally of good to excellent quality and
suitable for most uses. An exception is a zone of degraded
sodium chloride and calcium chloride type waters in the valley
trough area between Whitehouse and the Merced County line.
The degraded waters are in the perched and in the unconfined
and the semiconfined ground water bodies. The changes in
character and quality are gradatlonal.

Ground water in the valley floor occurs essentially
in three bodies: unconfined and semiconfined, confined, and
perched. Lines of equal specific electrical conductivity and
areas of similar mineral characteristics for these three zones
are shown on Plate 15- Most of the sampled wells pump from
the unconfined and semiconfined ground water zone. Very few
analyses of ground water in the lower, confined zone are
available.

The eastern portion of the valley floor is under-
lain principally by the old alluvial fan deposits and the
Frlant Formation. The central portion of the valley floor is
underlain predominantly by young alluvial fan deposits and
basin deposits. The waters of the unconfined and semiconfined
zones in these portions of the Valley are calcium and calcium-
sodium bicarbonate in type with specific electrical conductance
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ranging from 200 to 500 mlcromhos. Ground waters in these
portions of the valley floor are good to excellent for most
uses.

Ground water in the valley trough, or western por-
tion of the valley floor, in the unconfined and semiconfined
zone Is variable in mineral type, ranging in specific elec-
trical conductance from 500 to 1000 mlcromhos. Within this
valley trough area calcium chloride type water occurs in
Township 10 and 11 South, Range l4 East, M.D.B.&M.

Variations in the above general character of ground
water are in areas along streams, reflecting the recharge
from these sources. These variations include a narrow grada-
tional strip of sodium-calcium bicarbonate type water near
Madera along the Fresno River and a gradational zone of
calcium-sodium bicarbonate type water in the southern portion
of the valley floor along the San Joaquin River. The quality
represented by these variations is good to excellent for most
uses

.

Analyses of the confined ground water body beneath
the Corcoran clay are available from only tvio locations: one
from the northwestern portion of the valley floor near Red
Top, and the other from southwest of Madera. In the area nea
Madera, the water is calcium-sodium bicarbonate and sodium-
calcium bicarbonate in type with an electrical conductance of
about 200 mlcromhos. The water in the area near Red Top is
calcium bicarbonate and sodium-calcium bicarbonate in type
with a specific electrical conductance from 300 to 500
mlcromhos. The quality of the confined water body appears to
be good to excellent and is suitable for most uses. Electric
logs of oil wells indicate that the waters contain a higher
concentration of salts with increasing depth until connate
water is reached in the Tertiary marine sediments, below
which the saline water is indigenous to the formation.

The perched or shallow water zone which occurs in
the valley trough is highly mineralized, ranging in specific
electrical conductance from 750 to 7500 mlcromhos. The salt
accumulation in the soil and subsoils in addition to irriga-
tion return waters probably accounts for this mineralization.
The anomalous occurrence of calcium chloride water in the
unconfined and semiconfined zone also occurs in the perched
zone but is larger in area.

Waste Water and Water Quality Problems. At present
almost all wastes in Madera County are disposed of by dis-
charge to land. Some of the activities disposing of waste
products are sewage treatment plants, wineries, and food
processing plants. Other activities dispose of their wastes
by discharge to adjacent surface waters. These are sand and
gravel operations and lumber milling.
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The only two incorporated cities operating sewage
treatment plants are Chowchilla and Madera, which serve a
total population of aoproximately 20,000 people, and which
discharge about 3 million gallons of waste water per day
to ponds. A large percentage of it is used for irrigation.
VJinery wastes are disposed of by irrigation, evaporation, or
percolation. An olive processing plant located approximately
two miles southwest of Madera disposes of its waste by dis-
charge to evaporation and percolation ponds and by discharge
to the Madera Sewage Treatment Plant. Several shallow wells
in the vicinity of these ponds were abandoned because of
mineral degradation which was attributed to percolation from
the ponds. Waste discharge requirements established by the
Central Valley Regional VJater Quality Control Board may
alleviate this problem.

Effects of Future Development on Water Quality. In
the Madera area, as in all areas of the State, rapid growth
and development in all fields of endeavor are desirable.
Growth and development may constitute a threat to the quality
of both surface and ground waters. Probably the greatest
threat to the quality of waters in the Madera area is its
pending industrial development. Development and growth in
population and recreation also pose a threat to water quality.
Suitable controls on the quality of wastes resulting from any
of the aforementioned activities should prevent the occurrence
of serious problems. The responsibility for exercising these
controls is vested in the Central Valley Regional V/ater
Quality Control Board (No. 5).

Several additional water resource development pro-
jects are proposed for the Madera area. Among these are the
recently authorized Buchanan and Hidden Projects on the
Chowchilla and Fresno Rivers, respectively. Other potential
prospects under consideration include Chiquito Reservoir on
Chiquito Creek and Sequel Meadow Reservoir on North Fork
Willow Creek, as well as several other possible alternatives.
The constiniction of the proposed facilities could endanger the
water quality through increased recreation activities. Such
problems, however, can be prevented or avoided by proper con-
trol of waste discharges.

Oakhurst-Ahwahnee Area

The limited number of available mineral analyses of
water samples indicates that both surface and ground waters
in the Oakhurst-Ahwahnee basin are generally of excellent
quality for most beneficial uses. Only spotty and random
occurrences of minor water quality problems were noted at the
time of this survey (1964). With the anticipation of rapid,
urban-type development in localized areas within the basin.
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future local pollution problems appear imminent if current
sewage disposal methods are continued.

Only five random ground water sample analyses are
available, three of which were made by the Department of
Water Resources and two of which were obtained from a private
source. The only quality records of nearby surface waters
are the analyses of samples obtained from a Department of
Water Resources' sampling station on the Fresno River near
Daulton in Section 3, Township 10 South, Range 19 East,
M.D.B.&M., approximately 20 miles downstream from the basin
surface outlet at Windy Gap. Sampling at this station was
initiated in January 1958. The surface v^7ater analyses are
published regularly by the Department, prior to I963 in the
Bulletin No. 65 series, and since then in the Bulletin No. I30
series. Results of the ground water analyses are shown in
Table 11.

Ground Water . Water in the form of rain or snow
is almost pure before it falls to the earth. After the water
comes in contact with the earth, the chemical quality of the
water changes and its resulting character depends upon the
amount and nature of soluble salts contained in the rock and
upon degradation caused by man-made influences. Oftentimes
chemical quality of the water can be surmised by knowing the
characteristics of the predominant rock type in which the
water is contained. The limited number of chemical analyses
of ground water from within the basin, which is predominantly
underlain by granitic rock, indicates that the water is of a
low concentration calcium bicarbonate type of excellent
quality. This is generally consistent with analyses of waters
sampled in granitic terranes in other Sierran areas. Of the
five samples analyzed, the total dissolved solids ranged from
120 to 289 ppm.

Within a given area, local variations can usually
be expected. A sodium chloride type water with total dis-
solved solids of 289 ppm was noted in well 7S/21E-15A. This
variation cannot be readily explained, although waters of this
type were noted to occur in springs located in a granitic
terrane along Striped Rock Creek, a tributary to the Chowchillc
River. These springs are located in the SW;5- of Section 23,
Township 7 South, Range 19 East, M.D.B.&M., approximately 8
miles northeast of Raymond. It is suspected that the sodium
chloride type water is rising from a great depth and has be-
come greatly diluted by near-surface ground water.

The analysis of a sample from spring 7S/20E-3R in-
dicates that the water is a calcium-magnesium bicarbonate
type with total dissolved solids of 2l6 ppm. This spring is
located near Windy Gap in a granitic terrane with nearby
outcroppings of pre-Cretaceous metamorphic rocks. It is
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suspected that the higher than normal magnesium content Is
from the weathering of the ferromagnesian minerals concen-
trated in the metavolcanic rock unit of the metamorphic rocks.

Surface Water . The surface water chemical composi-
tion is expected to be essentially the same as that of the
ground water with perhaps a lower concentration during the
spring runoff season. During the summer and fall months,
the streamflows are sustained by ground water emanating from
springs. No analysis of surface water from within the basin
is available. Analyses of waters sampled from the Fresno
River near Daulton indicate that the waters are a calcium bi-
carbonate type during the higher spring runoff flows and a
calcium-sodium or sodium bicarbonate type during the lower
fall and winter runoff flows. The total dissolved solids
range from 51 ppm during a period of high runoff to 231 ppm
during a period of low runoff.

V/ater Quality Problems . Although at present the
ground water in the Oakhurst-Ahwahnee basin is generally
considered to be excellent, local and minor problems have
been reported. These include problems concerning iron con-
tent, nitrate content, and turbidity. Pollution problems
have also been reported in localized areas. A discussion
concerning this latter problem is, in part, based upon verbal
communications with personnel of the Madera County Health
Department in December 1964.

Within the basin, local occurrences of high iron
content were reported at random distribution. Iron content
determinations were performed on only two samples; concentra-
tions of 10.5 and 0.12 ppm were recorded. An upper limit of
0.3 ppn^ iron is recommended for drinking water by the U. S.
Public Health Service. Where high iron content is discernible
-- the water being turbid and rust colored — it is considered
a nuisance to the laundering of clothes because the iron con-
tent in the water may preclude the use of chlorine bleach for
laundering. It was also reported that colloidal iron had to
be removed from the bottom two feet of several of the wells
every two years. The source of iron may be finely divided,
suspended sediments. Or it may be that the iron is being
leached from the "decomposed granite" zone by percolating
recharge water.

As noted from the limited available analyses,
high concentration of nitrate occurs in two of the five
analyses of ground water samples. Of the available anal-
yses, the nitrate concentration ranges from nil to 16 ppm,
which is still considered to be within the recommended toler-
able upper limit of 45 ppm. The cause or source of this
higher than normal nitrate content is not known. Since the
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nitrate concentration Is not accompanied by a high chloride
content. It does not appear that the nitrate concentration
Is derived from organic pollution.

It was reported that In some wells a surge of
turbid waters occasionally enters the well during pumping.
This Is probably caused by an occasional loosening of the
clay seams that fill some fractures. It was also reported
that the water In some of the wells becomes turbid shortly
after a rainstorm. This could be caused by surface water
entering the well because the casing Is Improperly sealed
against the formation, or because the casing Is not properly
seated In bedrock under a mantle of "decomposed granite".
It may also Indicate that a portion of the water Is obtained
directly from the surface through open fractures In the de-
composed granite zone and this portion of the inflow has not
undergone natural filtration. The turbidity problem can be
minimized by extending the casing through the soil and
"decomposed granite" zone and properly seating it into the
bedrock.

Conform bacteria have been detected from time to
time in various wells, and there is the possibility that with
installation of increasing numbers of septic tanks such con-
tamination will occur more frequently. Currently, waste is
disposed of by a septic tank system for each individual
dwelling and the effluent infiltrates into the "decomposed
granite . Some of the sewage undergoes natural filtration
as the effluent slowly percolates through the "decomposed
granite", whereas some of the effluent may directly recharge
the ground water body by flowing along supercapillary fracture
openings in the "decomposed granite" and granitic bedrock.
The turbid water in some wells after a rainstorm indicates that
at least some of the water entering the well from surface
sources is not undergoing natural filtration. Within a local
area. Inclined open fractures or Interconnected fracture
systems can transmit sewage effluent directly from the leach
lines to the lower uncased portion of the well, even though
great care is exercised in providing for a sanitary seal in
the upper cased portion of the well.

As the area becomes highly developed by urban-type
growth, contamination problems may become apparent within the
concentrated development and in the areas downslope from the
development. The valley trough areas probably would be most
susceptible to contamination, especially around Oakhurst where
urban-type development occurs upslope in several directions.
Also, within this lower valley trough area, the ground water
levels are at shallow depths, within five feet of the surface
in places. Here sewage disposal could become a serious
problem; the infiltration of sewage effluent would not only
contaminate the ground waters, which in turn would seep into
surface stream waters, but would also build up a ground water
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mound rising to the surface and causing additional disposal
and sanitation problems. Such problems are apparent In local
areas of Oakhurst.

Because the streams are sustained by springs during
the summer and fall months, surface waters could be contaminate
In the future In nearby areas downslope from highly concen-
trated urban-type developments. Such surface water contamina-
tion has been reported In the North Pork area, which Is also a
granitic rock terrane but outside of the basin, approximately
12 miles southeast of Oakhurst.

At present. It appears for the short-term and
middle-term prospects that the future development of the area
may be more affected by waste disposal problems than by
ground water supply problems. A central sewage disposal sys-
tem probably would also be necessary In concentrated urban-
type development areas.

Interbasln Transfer of Water

Although the area of Investigation has no actual
water supply Imports nor exports, there are several transfers
of water from one drainage basin to another. These Inter-
basin transfers of water are discussed in this section.

San Joaquin River Diversions

Madera Canal . Friant Dam on the San Joaquin River
near Friant together with Madera and Frlant-Kern Canals are
owned and operated by the U. S. Bureau of Reclamation as part
of its Central Valley Project. V/ater Impounded in Mlllerton
Lake behind this dam is delivered to service areas within the
area of this investigation via the Madera Canal and to areas
in Tulare Lake Basin to the south via the Priant-Kern Canal.

Water delivered to the Madera Irrigation District
and the Chowchilla Water District constitutes an interbasln
transfer. During the 6-season base period (April 1, 1952,
through March 31j 1558) Madera Canal water diversions to the
valley floor portion of Madera area for irrigation and ground
water replenishment averaged 2l4,800 acre-feet annually. The
long-term mean supply to these districts from Mlllerton Lake
was assumed to be the estimated average contractual amount.
This amount totals 304,000 acre-feet annually, 131,000 acre-
feet to the Chowchilla Water District and 173^.000 acre-feet
to the Madera Irrigation District.

It Is estimated that during the six-year base
period an average of 36,200 acre-feet of water diverted from
Madera Canal flowed out of the area of investigation via the
San Joaquin River. Construction of the Hidden and Buchanan
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Projects will reduce the loss of this water from the area by-

providing storage and regulation of river flows and thereby
permitting better utilization of Madera Canal supplies. It
is estimated that surface outflow of Madera Canal water under
long-term mean future water supply conditions with the Hidden
and Buchanan Projects in operation will average about 16^000
acre-feet seasonally.

Other Diversions . Numerous other diversions of
water from the iJan Joaquin River into the Madera area are
made below Friant Dam. Data on these diversions contained
in the Department's Bulletins No. 23-52 through No. 23-58,
entitled 'Surface Water Plow", indicate that an average of
about 70,300 acre-feet annually were diverted into the area
during the 6-year base period.

Of this 70,300 acre-feet of water diverted into the
area of investigation from the San Joaquin River, it is es-
timated that about 11,000 acre-feet seasonally returned to
the river and left the area as surface outflow. It is be-
lieved that under long-term mean future conditions of water
supply surface outflow of San Joaquin River diversions will
continue to average about 11,000 acre-feet seasonally.

Inasmuch as these diversions are generally based on
claimed riparian water rights or contracts with the U. S.
Bureau of Reclamation, it is assumed that for the long-term
mean water supply conditions this quantity will not change
materially.

Big Creek and Soquel Diversions

As mentioned previously there is an existing diver-
sion from Big Creek (a tributary of South Fork Merced River)
to the Fresno River Basin. This diversion (dating back to
1888) is made under a water right currently claimed by the
Madera Irrigation District and consists of a maximum of 50
second-feet during each month of the year except April when
it Is reduced to 20 second-feet. There is also an existing
diversion dating back to I897 from North Fork. Willow Creek
near Soquel Meadow. This diversion is likewise made by
Madera Irrigation District under a claimed water right to a
maximum of 50 second-feet from October through July of each
year.

The quantities of water available to the upper
Madera area from these diversions were estimated to ascertain
their water development potential. These estimates were
based on claimed water rights, existing diversion facilities,
recorded diversions for Big Creek since December 1958 and
Soquel Creek since November I960, computed natural flows of
Chiquito Creek near Arnold Meadow, and the area-precipitation

75



relationship between the diverted streams and Chlqulto Creek.
The quantities so detexnnlned are not Intended to reflect the
historical amount of diversion and therefore should not be
used to estimate the natural flow of the Fresno River. The
estimated quantities of water divertible during the 50-year
mean period are shown in Table 12.

Subsurface Flow

Subsurface Inflow and outflow contribute to or di-
minish the water supply available to the valley floor portion
of Madera area. These flows may occur under either one or
both of two conditions; namely^ (l) subsurface flow Induced
by the difference in the static levels between two points of
an aquifer under water table conditions (free ground water
body) and (2) subsurface flow caused by the difference in the
pressure head between two points in an artesian aquifer
(confined water body).

Analysis of available data for the Madera area for
the base period led to the following assumptions and
conclusions:

1. Subsurface flow would not occur across the
ground water mound beneath the San Joaquin River from
Friant to the Whitehouse gaging station, in the free
ground water body.

2. Seepage losses from the San Joaquin River in
the above-mentioned reach would accrue equally to the
Madera area and to the Tulare Lake Basin to the south.

3. Subsurface flow across the boundary described
above could occur in the confined aquifer.

4. Subsurface flow beneath the San Joaquin River
below the Whitehouse gaging station and beneath the
Chowchllla River could occur in both the free and con-
fined aquifers.

5. The values computed for the base period sub-
surface flow would be adequate for the analysis of the
long-term mean water supply and present conditions of
development; however, the seepage from the San Joaquin
River would be reduced from the quantities computed for
the base period in proportion to increased diversions
via the Frlant-Kern and Madera Canals under long-term
mean future water supply conditions.

The amount of water contributed to the valley floor
portion of Madera area by seepage from San Joaquin River for
the base period was computed by subtracting measured surface
diversions and estimated evaporation from the difference
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TABLE 12

ESTIMATED QUANTITIES OF WATER DIVERTIBLE
BY BIG CREEK AND SOQUEL DIVERSIONS

1907-08 THROUGH 1956-57
(in Acre-feet)
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between San Joaquin River flows at Friant and at the
Whitehouse gaging station. Half of the amount so computed
was assumed to contribute to the Madera area. For the long-
term conditions, a similar method was used, assuming reduced
flow in the San Joaquin River due to increased diversions in
the Friant-Kern and Madera Canals. The estimates of inflow
to the area from San Joaquin River seepage losses equal
58,000 and 27,200 acre-feet annually for the base period and
the long-term mean, respectively.

The procedure used in computing subsurface flows
across the boundaries of the valley floor portion of Madera
area is outlined below.

1. A baseline was established which approxi-
mates the study area boundary for which flow was to
be computed.

2. At two-mile intervals along the baseline,
cross sections of static water levels were plotted
as determined from ground water elevation maps.
The slope of each cross section was determined
from average elevations two miles from the baseline.

3. A profile along the entire length of the
baseline was plotted showing:

A. Ground surface elevation as determined
from topographic maps.

B. Average elevation of ground water as
determined from the cross sections, at
the point below the baseline.

C. Top and bottom of confining aquicludes
as determined from geologic cross sec-
tions, maps, or other geologic sources.

D. Elevation of base of main water body or
crystalline basement complex as deter-
mined from geologic maps.

4. The transmissibility for each township along
the baseline was tabulated, and the average trans-
missibility for each aquifer, or zone, was determined.

5. The cross-sectional area for each two-mile
reach along the boundary was determined from the
profile.

6. The slope for each cross section was calcu-
lated and tabulated.
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7. Flow across the baseline reaches was com-
puted from the equation:

Q = 3.07 (10-^) p (h/d) It

Where Q is the flow in AF/Day, p is the trans-
missibility in gal/day/ft^/100^ slope, h/d is the
ground water slope in ft/mi, 1 is the length of the
section in miles, t is the thickness of aquifer
below the water table, and 3-07 (iQ-o) is a constant
used to convert gallons per day to acre-feet per day.

Estimated long-term mean subsurface flows across
these boundaries are based on the premise that the slopes
of the water tables across these boundaries will remain
about the same in the future as during the base period.
Should such prove not to be true, estimated values should
be adjusted.

Results of studies of items of supply and dispos-
al by subsurface flow are summarized in Table 13.

TABLE 13

ESTIMATED SUBSURFACE INFLOW AND OUTFLOW
VALLEY FLOOR UNIT

(in Acre-feet per Year)

Item

Madera-Tuiare Lake:Madera-Westside:Madera-Merced
Basin Boundary ; Boundary ; Boundary
lnflow;Outflow ; lnflow:Uutflow;lnflow-Outflow

Flow in
unconfined
aquifer - _ 2,000 - - 12,800

Flow in
confined
aquifer -_ 12,300 400 - - 10,ooo

Total - 12,300 2,400 - - 22,800

Evaporation from Water Surfaces

The average seasonal evaporation from water sur-
faces on the valley floor portion of the area investigated
was estimated by computing the unit seasonal evaporation from
representative reservoirs and lake surfaces in acre-feet per
acre. This value was then applied to the surface acres of
the Madera Canal and rivers within the area as computed from
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topographic maps and streamflow records. In addition, an
allowance was made for evaporation from irrigation systems
The average evaporation thus computed is 1,700 acre-feet
seasonally for both the six-year base period and the long-
time future water supply conditions.

Flood Problems

The flood plain portions of Madera County were
subject to frequent and devastating floods prior to 194l.
The uncontrolled runoff of the Chowchilla and Fresno Rivers
together with the only slightly regulated flows of the San
Joaquin River, aided by the alteration of and encroachment
upon the natural stream channels, periodically caused hundreds
of thousands of dollars worth of damage to property and crops.
Since 19^1, however, the flood flows of the San Joaquin River
at the foothill line have been regulated through storage in
Millerton Lake behind Friant Dam. The State Reclamation
Board has been constructing the Lower San Joaquin River Flood
Control Project between the Merced River and Gravelly Ford
since 1956. Completion of this project together with the
regulation provided by Friant Dam will essentially solve the
flood problems on the San Joaquin River.

The Chowchilla and Fresno Rivers are still uncon-
trolled. The U. S. Army Corps of Engineers estimates that
annual flood damages will average $690,000 and $705,000 re-
spectively (1965 prices) if remedial measures are not undertak
Construction of the Buchanan and Hidden Projects as proposed
by the Corps of Engineers and authorized by Congress will
solve these flood control problems.

Local flooding of agricultural lands on the valley
floor by uncontrolled runoff of relatively small foothill
streams such as Dry, Cottonwood, Hildreth, and Root Creeks
also occurs. The Soil Conservation Service of the U. S.

Department of Agriculture has proposals for the construction
of several small dams on the foothill streams to control
this local flooding. The dams could be built with federal
financing available under the Small Watershed Projects Act.

Although uncontrolled high flows of streams in the
mountainous portion of the area of investigation do cause
flood damage, the relatively sparse population and limited
development of these areas do not' justify the construction
of flood control projects at this time.
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Drainage Problems

A drainage problem may present Itself to the farm
operator In a number of different forms. It may be an
excess accumulation of tall water In the lower part of a

field or the presence of a water table within the root zone
for an undesirable length of time during the growing season.
Also, the Internal drainage of the soil In the root zone may
be Insufficient to prevent water logging of the soil by per-
colating waters. These conditions may be caused by excess
amounts of water applied on the field surface or by the
lateral movement of either perched ground water or the main
ground water body as a result of Irrigation of upslope lands,
thereby causing the level of the ground water to rise In
lower lying lands.

The reclamation or development of saline soils may
lead to drainage problems In some areas due to the applica-
tion of excess quantities of water at the ground surface in
order to leach an accumulation of salts from the root zone.
The percolation of the leaching waters may cause the water
table to rise, and If tile drains or open ditches are in-
stalled, that water which is captured may not be satisfactory
for reuse as a water supply.

One measure of an agricultural drainage disposal
requirement is that amount of agricultural waste water which
may be captured in a drain system and has no further economic
value in the area where it is captured. Drainage waters may
have no further economic value if they are located in a posi-
tion such that their use as a water supply is more costly
than the development of other water for the supply. If the
salt concentration in the drainage water is so great as to

make it unfit for use as a water supply and the dilution with
better water is Infeaslble, the drainage water again may be
said to have no economic value.

Under natural conditions, many of the soils in the

valley basin contain excess salts and alkali and a high
water table exists. The salt and alkali conditions generally
have created difficult economic problems in cultivation and
irrigation. A saline soil is one that contains excess soluble
salts. An alkali or sodic soil is one which has about 15 per-
cent or more of sodium ions on the surface of the clay
particles. Adequate drainage is required to remove excess
soluble salts from the soil and also to permit effective use
of calcium amendments to replace the sodium ions in a sodic
soil. Leaching of poorly drained areas will Improve the soil
only to the depth for which adequate drainage can be provided.
In areas where there are no significant restrictions to the

vertical movement of water in the soil profile, the excess
soluble salts may be leached out of the root zone. If the
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leaching i\raters with their load of dissolved salts do not
move out of the root zone, the salt concentration within the
root zone will not he significantly reduced.

In the valley floor of Madera County^ many of the
soils are dense, slightly permeable, and finely textured; and
in places there are cemented subsoils and substrata materials.
If natural or artificial drainage is adequate, highly saline
soils can be effectively improved by the deep wetting of the
soils. The improvement of so-called "alkali soils is much
more difficult because a chemical change must take place
within the soil.

A highly saline condition in the soils makes it
more difficult for the plant roots to take up water. Also,
relative amounts of sodium, magnesium, and calcium in the
soil affect soil permeability. The sodium adsorption ratio
(SAR) is a measure of the ratio of sodium to calcium and
magnesium. In clays, if the proportion of sodium to calcium
and magnesium is high, the clay particles tend to disperse
and swell when wet. This decreases the pore space and the
result is a decrease in permeability and aeration. The par-
ticles in the affected soil are packed so closely together
that the movement of water and air within the soil is
restricted.

In areas where there are cemented substrata,
commonly called hardpan, it may be necessary to make some
mechanical adjustment in the soil profile by chiseling so as
to provide an avenue for the movement of leaching and irri-
gation waters from the 2Xiot zone. In areas that have excess
alkali problems, it may be necessary to add soil amendments
such as gypsum (calcium sulphate) or sulphur.

Drainage problems exist today in the western por-
tion of Madera County within an area bounded on the west by
the San Joaquin River and on the east by a line extending
generally from the headworks of the Chowchilla Canal to a
point in the north at the intersection of the Madera-Merced
County line with the San Joaquin River. The drainage problem
in this area is one of excessive amounts of water in the soil
profile. The salt concentration in the upper 20 feet of the
soil profile and in the shallow ground water is relatively
low. The salt concentration in the drain water from this area
is also relatively low. At the present time, this area is
drained by open ditches that discharge into the San Joaquin
River. Some of the drain water is reused for irrigation.

The lands immediately to the east, bounded on the
west by the present drainage problem area and on the east by
the Madera Irrigation District, are sparsely developed for
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agriculture and Irrigation. If these lands can be effective-
ly chiseled In the process of their development for Irrigated
agriculture, they probably can be leached and Irrigated with-
out the Immediate development of drainage problems. If the
hardpan substratum cannot be leached and effectively chiseled,
however, some areas will probably develop perched water tables
within a short time after extensive Irrigation. Furthermore,
as increased amounts of surface water supply are applied on
the valley floor of Madera County, drainage problems probably
will develop in some areas owing to high water tables. At
present, no drainage problem areas are known to exist within
the Madera Irrigation District.

In the valley floor portion of Madera County,
other than the irrigated strip at the western edge, the pres-
ent water table is about 20 to 100 feet beneath the ground
surface. ^Jhen the water table is maintained at this depth,
drainage problems which may be caused by the high water table
of the main ground water body are eliminated. This depth to
ground water has developed as the result of pumping the
ground water for use as a water supply. If extensive ground
water pumping is continued, further drainage problems which
might be attributed to a high water table of the main ground
water body probably will not occur.

If drainage problems occur in newly developed
lands and it becomes infeasible to continue the discharge of
drain waters into the San Joaquin River, the San Joaquin
Master Drain probably can be used as a means for disposal of
the drain waters. The Master Drain will be constructed on
the west side of the San Joaquin River in the trough of the
Valley. This facility will provide a service for the con-
veyance of drain waters v/hich have no further economic value
to a point of disposal outside of the Valley. This service
will be provided to all agricultural areas within the San
Joaquin Valley.

Hydrologic Summary

The hydrologlc conditions in the valley floor por-
tion of the area are summarized for the six-year base period,
and for 1958 conditions of development with long-term mean
water supply, in order to determine additional supplemental
water requirements. This is done by balancing known items of
water supply and disposal. The hydrologlc balance was com-
puted by tabulating all known or estimated items of water sup-
ply and disposal (except change in ground water storage) as In
a balance sheet. The difference between the sum of the supply
items and the disposal items then represented the change in
ground water storage. If the items of supply exceed those of
disposal, a positive change in storage or rise in the water
table is indicated, and vice versa.
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Base Period

For the six-year base period — April 1952 through
March 1958 -- all the necessary items of supply and disposal
together with methods used in computing them have been
presented earlier in the report with the exception of con-
sumptive use of applied water. On the basis of land and
water use studies, which are reported upon in detail in the
next chapter, it is estimated that the average consumptive
use of applied water during the base period was about 432,000
acre-feet annually. The hydrologic balance for the base
period is shown in Table 14. It will be noted the value
computed for change in ground water storage (-67^500 acre-
feet) differs by 11,000 acre-feet from the value which was
shown in the ground water portion of the report (-56,200
acre-feet) and which was computed independently through the
use of ground water measurements and specific yield data.
The value computed by the hydrologic balance method,
however, is within the limits of error anticipated by the
other method of computation. Further, this difference
(11,000 acre-feet) is only about 1 percent of either the
total supply or the total disposal items and is therefore
considered to be within the accuracy of other items of data
used.

Although the change in ground water storage as
computed above may not constitute an overdraft of the basin
per se, it does indicate lowering of ground water during
the Fase period. Such a practice if long continued could
lower the water table to such an extent that pumping would
become uneconomical or could possibly cause serious damage
to the ground v/ater basin through the intrusion of poor
quality waters from adjacent basins or from deep seated
brines. Such an occurrence would then constitute an over-
draft on the basin.

Long-term Mean Period

For the long-term mean conditions of supply and
1958 conditions of consumptive use of applied water the
following assumptions were made.

1. Precipitation and runoff would be equal to
the mean annual values for the historical period
1907-08 through 1956-57.

2. V/ater deliveries to the Madera area via
the Madera Canal would be equal to the long-term
contractual class I and average class II values
as determined by U. S, Bureau of Reclamation's
Millerton Lake operation studies.
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TABLE ll^

HYDROLOGIC BALANCE- -SIX-YEAR BASE PERIOD
APRIL 1952 THROUGH MARCH I958

VALLEY FLOOR UNIT
(in Acre-feet/Year)

Supply

Precipitation on Valley Floor 510;U00

Surface Inflow

Chowchilla River 57.. 200
Fresno River 72.600
Ungaged Minor Streams 8,200
Madera Canal 21U.80O
San Joaquin River Diversions 70,300

Subsurface Inflow

Westside Boundary 2.U00
San Joaquin River Seepage 58,000

Total Supply 993 •900

Disposal

Consumptive Use

Evaporation from Water Surfaces .1,700
Precipitation on Valley Floor 498,600
Applied Water

Surface Supplies 93-500
Ground Water 338 700

Surface Outflow

Chowchilla River Supply 15,000
Fresno River Supply 19,800
Madera Canal Supply 36-200
San Joaquin River Diversions 11.000
Precipitation on Valley Floor 11,800

Subsurface Outflow

Northern Boundary 22,800
Southern Boundary 12,300

Total Disposal l,06l,U00

Change in Ground Water Storage -67,500
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3. Subsurface inflow and outflow would be the
same as for the 6-year base period.

4. San Joaquin River seepage into the area
would be reduced in proportion to the reduction in
flow in the San Joaquin River below Friant due to
increased deliveries by the Friant-Kern and Madera
Canals

.

5. Consumptive use of applied water would be
the estimated value for 1958 (479,000 acre-feet).

6. Hidden and Buchanan Projects would be
built and operated according to the operation studies
of the U. S. Army Corps of Engineers.

7. The East Side Division of the Central Valley
Project would be built, but no supply from this
source would be allotted to the Madera area. This
assumption was used, not to imply that no water would
be available from this source but because studies by the
U. S. Bureau of Reclamation had not advanced to the
point of assigning water to specific service areas.

8. Surface outflow of the Fresno River, the
Chowchilla River, and the Madera Canal would be
equal to the average values computed in the Hidden
and Buchanan operation studies.

9. Surface outflow of direct diversions from
the San Joaquin River would be equal to that for the
base period.

Table 15 shows the hydrologic balance for the
long-term water supply under 1958 conditions of consumptive
use of applied water. Study of this table discloses that
if the Hidden and Buchanan Projects had been built and
operating and if the Madera Canal had been delivering
the full contractual amount in 1958, ground water storage
would have increased by only 9*300 acre-feet. The
estimated average consumptive use of water for irrigation
of about 222,000 acres in 1958 was about 2.1 acre-feet
per acre. Thus, it is apparent that only 4,000 additional
acres could be irrigated without depleting the ground
water storage even with the Hidden and Buchanan Projects
in operation. Continued expansion of irrigated agricul-
ture to the extent projected for the future (315jOOO
acres by the year 2020) will not be possible without a
supplemental source of water. It is estimated that this
supplemental requirement would increase from zero in i960
to about 200,000 acre-feet annually in 2020 in order to
prevent a continued drawdown of the ground water basin.
None of the projects (Hidden, Buchanan, or East Side
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TABLE 15

HYDROLOGIC BALANCE—LONG-TEPM SUPPLY TO 2020,
1958 CONDITIONS OP DEVELOPMENT,

VALLEY FLOOR UNIT
(in Ac re -feet/Year)

Item Amount
Supply

Precipitation on Valley Floor

Surface Inflow

Chowchllla River
Fresno River
Ungaged Minor Streams
Madera Canal
San Joaquin River Diversions

Subsurface Inflow

Westside Boundary
San Joaquin River Seepage

450,300

73,900
86,100
7,000

304,000
70,300

2,400
27,200

Total Supply



Division) which could supplement the existing supplies had
been started, much less completed, by 196O- The water table
will therefore continue to recede until all these projects
(or alternatives) are supplying supplemental water to the area.
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CHAPTER III. LAND AND WATER USE

Future land use and the water that will be necessary
to realize such land use in the Madera area are discussed in
this chapter. Estimates of the water required to achieve
maximum development are based upon population projections and
the capabilities of the land (soil, topography, climate, and
crop adaptability) without regard to economics or availability
of water. Before any definitive programs to supply the water
needs of the County can be completed, it will be necessary to
establish the effective demand for water by economic analysis.

The methods and criteria used to determine the po-
tential maximum water requirements of the Madera area are
discussed in the following sections.

Study Areas

The Madera County portion of the area of investiga-
tion was divided into a Valley Floor Unit and an Upper Madera
Unit to facilitate determination of the present and future
land and water use. The division between the two units is
shown as the foothill line on Plate 1. The Mariposa County
portion of the area of investigation in the upper watersheds
of the Chowchilla and Fresno Rivers has been designated the
Mariposa Unit. These three units, shown on Plate 1, were
further subdivided into study areas having one or more common
characteristics, such as political structure, serviceability
from a common water source, hydrographic unit, or geographic
and topographic similarity.

Descriptions of the units, their subdivision into
study areas, present source of water supply, and potential
methods of fulfilling supplemental water requirements are
discussed. The suggested method of meeting the supplemental
water requirements is physically and engineeringly feasible;
however, economic justification has not been taken into con-
sideration in the following discussions of units.

Valley Floor Unit

The Valley Floor Unit of the Madera area was sub-
divided into nine study areas numbered 1, 2, and 5 through 11
as shown on Plate l6 . Numbers 1 and 2 include the existing
Chowchilla V/ater District and Madera Irrigation District,
respectively. The remaining seven areas were delineated be-
cause of geographic and topographic similarity and because it
is believed that each area could constitute a water service
area. The gross area of this unit is nearly 5^7,000 acres.
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Present water supplies for this unit are obtained
by diversions from the Chowchllla, Fresno and San Joaquin
RlverSj from the Madera Canal of the Central Valley Project,
and from the extensively developed underlying ground vjater.
It Is believed that future supplemental supplies can best be
obtained from the authorized Buchanan and Hidden Projects
and the proposed East Side Division of the Central Valley
Project

.

Upper Madera Unit

This unit encompasses that part of Madera County
above the foothill line and was subdivided into nine study
areas numbered 12 through 20 as shown on Plate l6 . The
Upper Madera Unit encompasses about 830,000 acres.

Study Area No. 12, Yosemlte-Slerra . The area of
about 409,500 acres is entirely within the federal lands of
Yosemlte National Park and Sierra National Forest. Water re-

quirements In the future, as in the present, probably will
be limited to domestic supplies for campgrounds and a few
summer homes, and will most feasibly be supplied by local
diversion and distribution works.

Study Area No. 13, Oakhurst . The nearly 50,000-
acre watershed of the Fresno River within Madera County and
above V/indy Gap Dam site, including the communities of Sugar
Pine, Yosemlte Forks, Oakhurst, Ahwahnee, and Nipinnawassee,
comprises this study area. Domestic, commercial. Industrial,
and irrigation water for rural homesites, summer homes, a few
small ranches and the above-mentioned communities constitutes
the present water requirements. For the most part these re-
quirements are met on an Individual basis or by small water
development projects through streamflow diversion or shallow
wells tapping the relatively limited ground water basins.
Future requirements in this area of fairly rapid growth may
be met to a limited extent by further exploitation of the
local ground water. It is believed, however, that any sig-
nificant Increase in demand would be most economically ful-
filled by importation of water from the proposed Soquel
Reservoir on North Fork Willow Creek near Soquel Meadow.

Study Area No. l4, Bass Lake . The area encompasses
the drainage basin of the North and South Forks of Willow
Creek above Crane Valley Dam (Bass Lake Reservoir) and has an
area in excess of 52,000 acres. The area is entirely within
Sierra National Forest but contains the relatively well-
developed community of Bass Lake as v/ell as several other
small residential developments. In addition, there are numer-
ous campgrounds, many of which have no developed water supply
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at present. Present water requirements are primarily for
domestic and recreation purposes and consist of relatively
small local surface water developments. Future supplemental
requirements probably will be of the same nature as at pre-
sent and can best be met by a combination of individual local
developments for Isolated areas and releases from the proposed
Soquel Reservoir. The Bass Lake residential, commercial, and
recreation requirements would be served by a pipeline from a
small diversion dam on the North Fork Willow Creek which would
divert releases made from Soquel Reservoir.

Study Area No. 15.> North Fork . This study area en-
compassing'~rhedraTnage~TasTirr'oTn7D^^ Creek (both the North
and South Forks) between Bass Lake and the San Joaquin River,
contains nearly 3^^000 acres. Although this area is almost
entirely within Sierra National Forest, it does contain the
communities of North Fork and South Pork and scattered indivi-
dual residences (primarily along Mammoth Road) which have
consumptive water requirements. In addition, nonconsumptive
facilities of Pacific Gas and Electric Company, consisting of
dams, reservoirs, powerplants, tunnels, pipelines, and con-
duits located between Crane Valley Dam and the San Joaquin
River, develop the power potential of water stored in Bass
Lake. Present requirements for consumptive use (primarily
domestic with limited industrial) are supplied by individual
wells and mutual water companies. Any significant supplemen-
tal water requirements probably can be supplied by a proposed
pipeline from Manzanita Lake to the communities of North Pork
and South Fork. Manzanita Lake, in turn, could be replenished
by releases from the proposed Soquel Reservoir.

Study Area No. l6. Fine (jold . This subunit contains
the watersheds of Fine Gfold Creek and several other small
creeks between Kerckhoff and Millerton Lakes on the San
Joaquin River. The area, containing about 86,500 acres, is
sparsely populated and relatively undeveloped. Individual
wells provide the major part of the limited water require-
ments for the small community of O'Neals and the scattered
residences. Future supplemental supplies, if significant,
probably could be provided by a dam and reservoir on Fine Gold
Creek.

Study Area No. 17 j Hidden . This subunit is made up
of the watershed of the Fresno River between Windy Gap Dam
site and the foothill line and includes almost 82,000 acres.
The area is sparsely populated with very little agricultural
development. The small community of Coarsegold on Highway 4l
is the only population center. Present water requirements
are fulfilled by Individual wells or small ponds. Supple-
mental water supplies could be provided to the vicinity of
Coarsegold by a pipeline from the proposed Soquel Project.
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The lower portion of this subunlt could be supplied by a
pumped diversion from Hidden Reservoir which would be within
the subunlt.

Study Area No. 18, Raymond . This study area,
encompassing about 30,000 acres, includes the drainage basins
of the several small foothill streams between the Fresno and
Chowchilla Rivers lying above the foothill line. The two
small communities of Raymond and Knowles together with a few
small ranches and Isolated homesltes constitute the present
developments requiring water. In general, these needs are
met through individual wells or small farm ponds. Supple-
mental requirements could be met by increased private
development and, if significant, augmented by pumping directly
from Chowchilla or Fresno Rivers, or alternatively by pumping
from Buchanan or Hidden Reservoirs.

Study Area No. 19, Buchanan . The 48,000-acre
watershed of the Chowchilla River above the foothill line
and lying within Madera County constitutes Study Area No. 19

.

This area, sparsely populated and agriculturally undeveloped,
would contain Buchanan Reservoir. Present water requirements
are met by ground water pumping and small surface water
developments. In the future, supplemental water probably
will continue to be supplied as at present. In addition,
water supplies could be pumped from the Chowchilla River
either directly or from Buchanan Reservoir.

Study Area No. 20, Belleview . The subunlt includes
the watersheds of foothill streams (primarily Hildreth and
Cottonwood Creeks) between the Fresno and San Joaquin Rivers
and above the foothill line. V/ithin this 38,000-acre area
are found the San Joaquin Experimental Range, a few ranches,
and scattered residences but no communities. As in most of
the other subunits, present water supply developments are
individual enterprises consisting of wells and small farm
reservoirs. Future requirements probably will be met by
similar means. Because of the extreme scarcity of surface
runoff during dry years and the high rate of surface evapora-
tion, there appears to be little opportunity for any signifi-
cant quantities of water to be developed by local projects.
The possible exception would be pumping from the San Joaquin
River or Millerton Lake.

Mariposa Unit

The Mariposa Unit includes the watersheds of the
Chowchilla and Fresno Rivers above the foothill line and
outside of Madera County. The unit, encompassing 128,000
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acres, has been subdivided Into four subunlts designated
Study Areas 21 through 24 as shown on Plate l6.

Study Area No. 21, Happy Camp . This relatively
small subunlt, containing only about 7^000 acres, comprises
the watershed of the Fresno River lying within Mariposa
County. The area is entirely within Sierra National Forest.
Present, and probably future, water requirements, met by
small individual developments of surface waters, are limited
to domestic supplies for campgrounds and possibly summer
homes.

Study Area No. 22, Upper Chowchilla . Study Area
No. 22, encompassing about 44,000 acres, is made up of that
part of the- drainage basin of the Chowchilla River north of
the Mariposa-Oakhurst Road (State Highway 49). Several
small residential communities lie within or along the southern
boundary of this subunit, namely Darrah, Bootjack, Usona, and
Elliott Corner. In addition, several areas are in the process
of being subdivided for homesites. This area, encompassing
the headwaters of the West, Middle, and East Forks of the
Chowchilla River, contains most of the attractive mountain
homesites within the area of Investigation outside of Sierra
National Forest. Present water requirements (primarily
domestic) are met by pumping from the small ground water basins
and by a few small ponds. Future supplemental requirements
probably can be met by some increase in ground water extraction
and individual reservoirs, augmented if necessary by construc-
tion of a dam and reservoir on the Middle Fork Chowchilla
River near Usona.

Study Area No. 23, Lower Chowchilla . This subunit,
containing about 52,000 acres, is bounded on the north by the
Mariposa-Oakhurst Road, on the northwest by the Chowchilla
watershed divide, on the southwest by the 1500-foot contour
and Split Rock Creek, and on the southeast by the Mariposa-
Madera County line. Other than those along the northern
boundary referred to in the previous paragraph, there are no
significant communities in the area. The area is sparsely
populated along the road between Bailey Flats and Usona;
otherwise, it is little developed either residentially or
agriculturally. Present water requirements are met on an
individual basis, usually by shallow wells tapping the local
ground waters. Supplemental water required for future growth
probably can be developed by a limited increase in ground water
exploitation and, if necessary, by a dam and reservoir project
on the West Fork Chowchilla River near Wildcat Mountain.
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study Area No. 24, Oakvale . This area, containing
about 25,000 acres, comprises the watershed of the Chowchllla
River In Mariposa County lying between Study Area No. 23 and
the foothill line. The subunlt at present Is relatively
undeveloped with the exception of scattered residences along
the roads traversing the area. The present and future water
requirements are and probably will be met by individual
wells. If a significant increase in water is required, it
could be provided by pumping from the Chowchllla River or
Buchanan Reservoir.

Land Use

Predictions of the future water use depend upon
estimates of future land use within the Madera area. Projec-
tions were, therefore, made of population growth and of
agricultural, municipal, recreational, and Industrial
developments.

Land use and land classification surveys were made
for the Valley Floor Unit In 1958 and I96O, respectively;
Upper Madera Unit in I96I and I962, respectively; and the
Mariposa Unit in 1959-

Population

Predictions of the urban, suburban, rural nonfarm
and farm population were made for the Valley Floor Unit. No
attempt was made to make this differentiation in the Upper
Madera and Mariposa Units. Population figures for I96O are
based upon reports of the United States Bureau of Census.
Projections for year 2020 are based upon estimates of the
Department of V/ater Resources for Mariposa and Madera Counties
Population projections for the various subunits were made to
reflect the effects of existing and proposed water development

The population predictions are shown by decades
for the Valley Floor Unit in Table I6, and for years I96O
and 2020 for the Upper Madera Mariposa Units in Table 17

.

Land Classification

As an aid to land use predictions, lands of the areg
of investigation were segregated into the following categories
on the basis of the land classification survejjs.

1. Irrigable agricultural

2. Irrigable forest and range

3. Urban and suburban
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TABLE 16

ESTIMTED PERI'IMIENT POPULATIONS BY DECADES, 1960-2020
VALLEY FLOOR UNIT

Land



TABLE 17

ESTIMATED PERMANENT POPULATION IN I96O AND 2020
IN UPPER MADERA AND MARIPOSA UNITS

Study Unit : I96O : 2020

Upper Madera Unit

No. 12

No. 13

No. 14

No. 15

No. 16

No. 17

No. 18

No. 19

No. 20

Subtotal 4,380 25,900

Mariposa Unit

No. 21

No. 22

No. 23

No. 24

Subtotal 520 2,700
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4. Recreation

5. Major park

6. All other

Irrigable Agricultural Lands . Irrigable agricul-
tural lands are classified according to the slope and soil
characteristics. Both slope and related soil factors
directly affect the degree of suitability of the lands for
irrigation and were the primary consideration in establishing
the land class"; i.e., the maximum potential use of the land.
In predicting the future land use — particularly in the case
of irrigable agricultural lands — the foregoing factors
were considered but were modified by additional analysis of
economic factors related to crop production and the location
of land with respect to the water supply.

Topographic characteristics of irrigable agricul-
tural lands are identified in the tables of this bulletin
by the following symbols:

V - These lands are level or slightly sloping and
range from smooth to hummocky or gently undu-
lating relief. The maximum allowable slope
is six percent smooth, reasonably large
bodies lying in the same plane. As the relief
Increases and becomes more complex, lesser
slopes are limiting. These lands are suitable
for all climatically adapted crops.

H - These are lands with greater slope and/or
relief than those of the V class. They range
from smooth to moderately rolling or undu-
lating relief. The maximum allowable slope
is 20 percent for smooth, reasonably large
bodies lying In the same plane. As the relief
Increases and becomes more complex, lesser
slopes are limiting.

M - These are lands with greater slope and/or
relief than those of the H class. They range
from smooth to steeply rolling or undulating
relief. The maximum allowable slope is 30
percent for smooth, reasonably large bodies
lying in the same plane. As the relief
increases and becomes more complex, lesser
slopes are limiting.

Irrigable agricultural lands identified as V, H, or
M contain permeable soils with medium to deep effective root
zones. They are free of rock and not limited by a high water
table. Variations from this pattern are identified in the
tables of this bulletin by the following symbols:
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1 - Fairly coarse textures and low moisture-
holding capacities, which in general make
these lands unsuited for the production of
shallow-rooted crops because of the frequency
of irrigation required to supply the water
needs of such crops.

p - Shallow depth of effective root zone;
crops limited to those with shallow roots.

r - Sufficient rock to prevent crop cultivation.

w - High water table; land use limited to pasture
crops unless drainage and a change in irri-
gation practice increase Its adaptability to
other types of crops.

Even in the most intensively developed areas of
irrigated agriculture, not all areas classified as irrigable
agricultural lands would receive water every year. The gross
irrigable areas were, therefore, reduced for the following
reasons

:

1. Farmers would limit production on lands having
limited adaptability and productivity to periods when
economic conditions are favorable.

2. Crop rotation and fallowing would reduce the
extent of irrigated land.

3. Farmsteads, industries, and rights-of-way, such
as roads, railroads, and canals, would occupy irrigable
acreage.

4. Certain nonlrrigable lands occur within lands
classified as Irrigable because the area Involved is

too small to delineate.

5. Small, Irregularly shaped plots of land.
Isolated by ownership or location from larger units
of irrigable land, would be Irrigated less readily
than the larger units.

In the Valley Floor Unit, 206,000 acres of the gross
irrigable lands for the above reasons would be devoted to non-
agricultural uses by the year 2020. Net irrigated acreages,
therefore, would be about 315,000 acres.

Estimates indicate that in the Upper Madera and
Mariposa Units about 67 percent, or 24,700 acres, and 70 per-
cent, or 29,000 acres, respectively, of the gross irrigable
agricultural lands could be devoted to agricultural uses.
For the above reasons, it is doubtful if this use will ever
closely approach 100 percent.
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Irrigable Forest and Range Lands . These lands are
presently forested or subjected to forest or range management.
They possess the slope and soil characteristics of Irrigable
agricultural lands but, because of conditions of climate and
location, are best suited to remain under some type of forest
or range management program.

Urban and Suburban Lands

.

These lands may be
Irrigable or nonirrigabie. irrigable lands classified as
potential urban and suburban lands possess the characteris-
tics of irrigable agricultural lands (V, H, or M) but most
likely will be used to absorb urban and suburban expansion
brought about by the anticipated increase in California
population. Estimates of population in the Valley Floor,
Upper Madera, and Mariposa Units in the year 2020 (Tables l6
and 17) were used to help determine the amount of land
classified as potential urban and suburban land. The
following categories were used to Identify urban and suburban
lands.

1. Urban (city, town, small community) lands;
presently developed for commerce. Industry, and
residences

.

2. Potentially urban (city, town, small
community) lands; probable intense future develop-
ment for commerce. Industry, and residences.

3. Suburban and potentially suburban lands; low
density of residences; little or no commerce or industry.

The main purpose in the determination of land
categories 2 and 3 was to indicate those Irrigable lands of
the area which urban encroachment would render unavailable
for agriculture by the year 2020. Estimates of water use on
these lands by the year 2020 are based on predicted popula-
tion rather than on area.

Recreation Lands . These consist of lands presently
or potentially characterized by fairly Intensive recreation
development requiring water service. The classification does
not include those high mountainous lands intensively used for
recreation by hunters and fishermen. Estimates of future
population expansion (Tables I6 and I7) and recognition of
the increasing demand for recreation areas helped determine
the acreage classified as potential recreation land. Esti-
mates indicate that land so classified will be developed to
its full potential by the year 2020. Computation of water
use in recreation lands is based on predicted population
rather than on area. The following categories of recreation
lands are identified in the tables of this bulletin.

1. Existing and potential permanent and summer
home tracts.
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2. Existing and potential commercial areas
(motels, resorts, hotels, stores etc.)*

3. Existing and potential camp and trailer sites.

Category 1 lands subdivide according to their
probable density of development; fewer houses per acre, for
example, will be built on hilly land than on flat land.
Calculations of the density of development of the recreation-
oriented lands provided a basis for predicting water use and
requirements by the year 2020.

Major Park Lands . These lands use little water and
consist of existing county, state, and federal parks, race
tracks, and fairgrounds.

All Other Lands . The classification consists of
all lands not included in one of the five previous designa-
tions. Table l8 shov;s all 6 designations and lists by units
the acreage within each classification In the Valley Floor,
Upper Madera, and Mariposa Units.

Present Land Use

Patterns of land use that existed during the land
use surveys referred to earlier are presented in Table 19.

The predominant use of land In the Valley Floor Unit
is for irrigated agriculture, while in the other two units,
urban, suburban, and recreation purposes constitute the larges
use of land. It is expected that this distribution will
continue in the future.

Future Land Use

Because of the Importance of irrigated agriculture
in the Valley Floor Unit, irrigated acreages were projected
on a decadal basis from I96O through 2020. Ten crops of
economic Importance to the area were Individually projected
for each of the nine study areas in order to estimate future
water requirements. The ten crops used in these projections
are grain, rice, cotton, sugar beets, miscellaneous field
crops, alfalfa, pasture, miscellaneous truck crops, deciduous
orchard, grapes, and subtropical orchard. A summary of the
crop projections by decades for the Valley Floor Unit is
presented in Table 20. The total irrigated acreage shown is
that of the major crops and does not Include the acreages
double cropped and shown as the minor crops.
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TABLE 18

CLASSIFICATION OF LANDS OF THE MADERA AREA
VALLEY FLOOR UNIT
(la Gross Aor«s)

:



TABLE 18 (ContlAUtd)

CLASSIFICATION 0? LANDS IN THI MADERA AREA

UPPER MADERA UNIT
(in GroSB Acr»s)

Land Class 12 13 14

Study Area Number
15 16 17 18 19 20

_i Unit
": Totals

Irrigable
Agricultural

V
VlT

VI

VP
Vr
Vs
Vpr
Vps
Vss
Vpss

Vsa
Vpsa
Vm
H
Or
HI
Hp
Hr
Hpr
M
Hir

Mp
Mr
Mpr

20
1,710

80
40
250

20
40

350
50
10

670
10

1,480

540

100
700

130
270

20

10
10
40

80

30

60
70

40

110
10

540

560 1,310
340
470

40 50

50 1,760 4,190

- 180 1.950

50

20

90

10

230 90

70

20

70 120 20 500

1,950 100 1,110 100

410 450 360 770

110 2,300 no 850
200 - 240

2.270 1.340 1.500 3.390

730
2,100

50

20

40

90
1,780

310

2,650
5,080
2,470
650
40

9,480
1,140

10.630

Subtotals 2,150



TiBLX le ( CoutlJiuad)

CUSSIFICATION OF UNDS OF THE MAOKRA AREA
MARIPOSA UNIT AND SUMMARY

(in Gross Aerss)

i



TABLE 19

PRESKMT PATTERM OF UMB USI M MADERA AREA

VALLEY FLOOR UNIT
(i» Acres)

Stut^y Araa Number
Land Us* 10

s Unit
II t Totals

Agricultural
Irrigated:

GralA
Riee
Cotton
Sugar Beets
Misc. Field
Alfalfa
Pasture
Mise, Truck
Misc.
Deciduous

Vineyard
Fallow

2,160 3,170

13,920
90

12,310
8,600

15,140
410

1,350
150

1,800

19,420
640

9,890
12,330
10,720
3,970

3,590
2,100
7,020
2,440
2,370
7,010
6,480
1,030

2003,870
24,490
7,310 5,970

1,060
40

4,000
860

2,670
5,940
8,540

520

240

3,940

160

50
30

130
10

250
470

80

220

460

580
410

1,600
30

420
710

1,630

Subtotals 55,940 95,810 38,210 27,810 1,190 6,060

620

30 1,090

90
60

1,070
420

11,020
2,140

45,100
4,030
28,950
34,830

5,480 48,100
5,970

70 1,420 7,590
50 - 90 26,200

20 2,180 22,930

50 270 12,520 237,860

Nonlrrlgated:
Orala
Meadow
Pasture

Subtropical
Mise.
Deciduous
Fallow

Subtotals

2,580 2,880

560

3.140

2,520

5.400

90 30,460 2,090 6,570 26,090 70,760

30 27,410 1.610 6.460 18,990 57.580

120 57.870 3.700 13.030 45.080 126.340

Urban end
Suburban 1 ^810 JsML 430 160 80 240 40 30 920 7.910

Recreational
Sunmsr Homes
Commercial
Campgrounds

Subtotals



TABLE 19 (Continued)

PRESENT PATTERN OP LAND USE IN MADERA AREA
UPPER MADERA UNIT

(in Aorss)



TABU 19 (Continued)

PRESEIT PATTTRH 0? UHD USE IN MADERA AREA
MARIPOSA UNIT A>D SUMURT

(in Acres)

!



TABLE 20

SUMMAEY OF CROP PROJECTIONS BY DECADES, 1960-2020
VALLEY FLOOR UNIT

(in Acres)

Crop :



Table 21 summarizes the estimated Irrigated acreages
for each of the nine study areas for the period 1960-2020 by
ten-year Increments,

Crop projections for the Upper Madera and Mariposa
Units were limited to the three types of Irrigated crops of
commercial significance to the areas. These crops Include
pasture, alfalfa, and deciduous orchard. The potential
acreages of these crops In the year 2020 were estimated
under the premise that water would be made available at a

cost within the ability of the users to pay. Such would
probably not be the case because of the scattered land
locations, the limited quantities of water available for
development, and the high cost of developing and delivering
agricultural water. The estimated acreages of Irrigated
crops In i960 are shown In Table 22, and the potentially
Irrigable acreages In 2020 are shown In Table 23.

A significant portion of the future homesltes In
the upper area will Include gardens and home orchards. There-
fore, estlm.ates of the acreage of homesltes In the year 2020
were made.

Water Use

Unit Water Requirements

As mentioned previously, to estimate water require-
ments It Is necessary to have. In addition to population
estimates and projected land use, unit values of consumptive
use of applied water. Irrigation requirements are based on
the application of water that exceeds precipitation. In
other words, these are the Irrigation requirements that must
be met by Irrigation methods, whether It be by flooding,
furrow, or sprinkler; by use of ground water, surface water,
or a combination of both. The Irrigation requirement Is
expressed In acre-feet per acre per year.

For domestic, commercial, and Industrial use the
requirements are based on studies of the actual use of water
for these purposes at present and an evaluation of current
trends to predict further use. Because of the continued
Increase In the rate of water use for these purposes, it

Is believed that future unit requirements will be higher
than present requirements. For this study the commercial
and Industrial requirements have been placed under the
general heading of domestic requirements because there are
only two incorporated cities in the area and their commercial
and industrial water is generally supplied by the domestic
water supply systems. The domestic water requirements are
based upon the population estimates and are usually expressed
in gallons per capita per day (gpcd).
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TABLE 21

ESTIMATED IRRIGATED ACREAGE BY DECADES, 1960-2020
VALLEY FLOOR UNIT

(in Acres)

Study
Area No.



TABLE 22

ESTIMATED I96O IRRIGATED ACREAGE
IN UPPER MADERA AND MARIPOSA UNITS

(in Acres)

Commercial
Study Area No. ; Orchard: Alfalfa; Pasture ; Total

Upper Madera Unit

No. 12

No. 13

No. 14

No. 15 10

No. 16

No. 17

No. 18

No. 19

No. 20

20



TABLE 23

ESTIMATED POTENTIALLY IRRIGABLE]/ ACREAGE IN
UPPER MADERA AND MARIPOSA UNITS

(in Acres)

Study



Estimates of unit water requirements may be ex-
pressed as consumptive requirements and as applied water
requirements. As implied by its name, a consumptive require-
ment is the water that is used directly: (l) by an entity It-
self (whether it be plant, animal, or manufactured goods),
(2) through evaporation, or (3) through transpiration. Because
no use of water is one hundred percent efficient, the applied
water requirement Is greater than the consumptive use. In fact
it Is necessary to apply more Irrigation water than Is requlrec
for consumptive use to prevent excessive salinity in the root
zone of the plants because: (1) all natural waters contain
dissolved salts, (2) plants utilize very little of these salts
in their consumption of water, and (3 ) the salts are left in
the root zone in concentrations in nearly inverse proportion
to the complement of the irrigation efficiency.

^^ original concentration
Root zone concentration — 1.0 - efficiency

Therefore, in determining the unit values of irriga-
tion water requirements for the Madera area, the unit values
of consumptive use of applied water were estimated on the
basis of land and water use studies and then divided by the
estimated efficiency which would be applicable to obtain the
unit value of irrigation water requirement. The efficiency
of domestic use is assumed to be 50 percent. For irrigated
agriculture a separate efficiency was developed which repre-
sents good farming practice for each of the major crops
expected to be grown in the area. Over the entire area, how-
ever, the average irrigation efficiency used is about 75
percent. Owing to wide differences in crop patterns and
precipitation, separate unit irrigation v/ater requirement
values were developed for the Valley Floor Unit and for the
upper units. Table 24 shows the unit values of consumptive
use of applied and irrigation water requirement in the Madera
area.

Likewise, different unit values of domestic water
requirements were used because of the wide range in commercial
and industrial developments and in population densities in the
area of Investigation. These variations, however, are not
directly related to the geography or topography of the area but
rather to the location of population centers.

For the City of Madera it was assumed that through-
out the period 1960-2020 the present rate of water use would
remain unchanged at about 364 gpcd. In the remainder of the
Valley Floor Unit it was assumed that the unit value of ap-
plied domestic water requirements would continue to increase
during the period to about 344 gpcd by 2020. In the foothill
and mountainous units, because of the limited water available
and the higher cost of obtaining it, a constant rate of 220
gpcd was assumed for the applied water requirement.
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TABLE 24

ESTIMATED UNIT VALUES OF CONSUMPTIVE USE
OF APPLIED AND IRRIGATION WATER REQUIREMENTS

IN MADERA AREA
(in Acre-feet per Acre per Year)

Unit Consumptive Unit Applied Water
Crop Requirement Requirement

Valley Floor Unit

Grain 0.5 0.7

Cotton 2.2 2.9

Sugar Beets 1.8 2.6

Alfalfa 2.9 3.6

Pasture 2.9 3.9

Deciduous Orchard 2.0 2.5

Grapes 2.1 2.6

Rice 4.1 6.8

Miscellaneous Field 1.2 1.6

Miscellaneous Truck 1.0 1.3

Upper Madera and Mariposa Units

Pasture 2.4 3.7

Alfalfa 2.1 3.0

Deciduous Orchard 1.8 2.6

HomeSite Garden and Orchard 2.1 3.2
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Annual Water Requirements

Having the population estimates, projected land
use, and unit water requirements. It Is possible to compute
the amounts of water necessary to meet the annual requirements
for Irrigation and domestic purposes. Because of the Impor-
tance of the development of the Valley Floor Unit to the
economy of Madera County and because of the greater probability
of economic justification and financial feasibility of water
development projects for this unit, annual water requirements
were computed on a decadal basis for the period 1960-2020.
For the other two units the requirements were computed for
i960 and 2020 only, because of the uncertainty of the rate of
development and the questlonablllty of economic water develop-
ment projects. Therefore, the estimates of water requirements
for the upper area must be considered to be potential rather
than probable.

i

Table 25 summarizes the annual consumptive water |

requirements for irrigation and domestic purposes for the
Valley Floor Unit by decades. The annual applied water requlre-j
ments are likewise summarized for the Valley Floor Unit in
Table 26.

Because the amount of water used for irrigation of
homeslte gardens and orchards is more nearly dependent upon
population than upon agricultural development, water for these
purposes has been considered as a part of the domestic supply
for the Upper Madera and Mariposa Units. Therefore, the v/ater
requirements estimated for irrigation in these units do not
include homeslte garden and orchard requirements.

For the upper units of the area of investigation the
annual irrigation and domestic water requirements, both con-
sumptive and applied, for 196O and 2020 are shovm In Table 27.
As previously explained, the year 2020 potential irrigation
water requirement is a measure of the capability of the lands
and climate rather than an indication of availability of water.
The requirement is based upon the potential for use rather than
the economic demand. The Irrigable lands are in small, widely
scattered parcels, hov/ever, and the water available for
development is limited and would be expensive to develop. It
is doubtful, therefore, that the economic demand for irriga-
tion water from the water development projects will justify
such development in the year 2020. In fact, our studies
disclosed only about 100 acres that might be able to support
irrigation from a specific water supply project. This one
instance is possible only because the lands lie below and
adjacent to a proposed domestic supply pipeline and have a
repayment capacity higher than the average for the upper units.

The domestic water requirements for 2020 shown in
Table 27 are believed to be a realistic estimate for the
future. It is believed that individual wells will continue
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TABLE 25

ESTIMATED CONSUMPTIVE USE OF APPLIED WATER BY DECADES, 1960-2020
VALLEY FLOOR UNIT

(in Acre-feet per Year)

Study Area : I96O : 19T0 ; I98O : I99O ; 2000 : 2010 : 2020

Study Area No. 1

Irrigation 121, 60O ll8,600 115,^00 112,^00 109,300 106,100 103,000
Domestic 750 950 l,lfOO 2,350 3,850 6,300 9,250

Subtotal 122,350 119,550 116,800 114,750 113,150 112,400 112,250

Study Area No. 2
Irrigation 195,300 l89,800 184,700 179,600 174.800 170,100 165,800
Domestic 3,150 3,850 5,450 8,650 12,900 20,000 29,450

Subtotal 198,450 193,650 190,150 188,250 187,700 190,100 195,250

Study Area No. 5
Irrigation 78,300 89,000 99,900 110,700 121,600 132,600 143,100
Domestic 25O 350 450 85O 1,300 1,800 2,450

Subtotal 78,550 89,350 100,350 111,550 122,900 134,400 145,550

Study Area No. 6
Irrigation 59,700 72,000 84,200 96,600 109,000 122,100 134, 60O
Domestic 25O 300 400 8OO 1,100 1,550 2,100

Subtotal 59,950 72,300 84, 600 9T,400 110,100 123,650 136,700

Study Area No. 7
Irrigation 2,500 2,500 2,500 2,600 2,700 2,900 3,000
Domestic* _______

Subtotal 2,500 2,500 2,500 2,600 2,700 2,900 3,000

Study Area No. 8
Irrigation 11,200 19,300 27,200 35,200 43,200 51,100 58,800
Domestic 25O 300 450 8OO 1,100 1,550 2,100

Subtotal 11,450 19,600 27,650 36,000 44,300 52,650 60,900

Study Area No. 9
Irrigation 100 60O 1,200 1,700 2,200 2,700 3,200
Domestic 100 100 100 200 350 450 60O

Subtotal 200 700 1,300 1,900 2,550 3,150 3,800

Study Area No. 10
Irrigation 700 2,200 3,800 5,300 6,900 8,500 10,000
Domestic 100 100 100 200 350 450 65O

Subtotal 800 2,300 3,900 5,500 7,250 8,950 10,650

Study Area No. 11
Irrigation 25,000 31,800 38,600 45,300 52,200 58,900 65,300
Domestic 300 350 500 900 1,400 2,100 3,050

Subtotal 25,300 32,150 39,100 46,200 53,6oo 61, 000 68,350

Valley Floor Unit Total
Irrigation 494,400 525,800 557,500 589, 4oo 621,900 655,000 686,800
Domestic 5,150 6,300 8,850 l4,750 22,350 34,200 49,650
Total 499,550 532,100 566,350 604,150 644,250 689,200 736,450

*iiess tnan >o acre-feet

.
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TABLE 26

ESTIMATED APPLIED WATER REQUIMMENTS BY DECADES, 1960-2020
VALLEY FLOOR UMIT

( in Acre-feet per Year)

Study Area : I96O : 19T0 : igbO : I99O : 2000 : 2010 ; 2020

Study Area No. 1
Irrigation 159,800 155,800 151,700 li^T,800 1^3,700 139,600 135,^00
Domestic 1,500 1,900 2,800 4,700 7,700 12,600 l8,500

Subtotal 161,300 157,700 15^^,500 152,500 151,1*00 152,200 153,900

Study Area No. 2
Irrigation 251,500 2^4,100 237,300 230, 60O 224,200 217,900 212,100
Domestic 6,300 7,700 10,900 17,300 25,800 40,000 58,900

Subtotal 257,800 251,800 248,200 247,900 250,000 257,900 271,000

Study Area No. 5
Irrigation 106,000 120,200 134,700 149,200 163,700 178,400 192, 400
Domestic 5OO 700 9OO 1,700 2,600 3,600 4,900

Subtotal 106,500 120,900 135,600 150,900 166,300 182,000 197,300

Study Area No. 6
Irrigation 78,400 93,100 111,100 127,600 144,100 l6l,6oo 178,300
Domestic 50O 6OO 8OO 1,600 2,200 3,100 4,200

Subtotal 78,900 93,700 111,900 129,200 146,300 164,700 182,500

Study Area No. 7
Irrigation 3,200 3,100 3,200 3,300 3,400 3,600 3,800
Domestic* ______

Subtotal 3,200 3,100 3,200 3,300 3,400 3,6oo 3,800

Study Area No. 8
Irrigation l4,700 25,300 35,700 46,300 56,800 67,300 77,400
Domestic 5OO 6OO 900 1,600 2,200 3,100 4,200

Subtotal 15,200 25,900 36,600 47,900 59,000 70,400 8l,600

Study Area No. 9
Irrigation 100 8OO 1,500 2,200 2,900 3,500 4,100
Domestic 200 200 200 400 700 900 1,200

Subtotal 300 1,000 1,700 2,600 3,600 4,400 5,300

Study Area No. 10
Irrigation 9OO 2,900 4,900 6,900 9,000 11,100 13,100
Domestic 200 200 200 400 700 900 1,300

Subtotal 1,100 3,100 5,100 7,300 9,700 12,000 l4,400

Study Area No. 11
Irrigation 33,100 42,200 51,200 6o,100 69,200 78,100 86,600
Domestic 6OO 700 1,000 1,800 2,800 4,200 6,100

Subtotal 33,700 42,900 52,200 6l,900 72,000 82,300 92,700

Valley Floor Unit Total
Irrigation 647,700 687,500 731,300 774,000 817,000 861,100 903,200
Domestic 10,300 12,600 17,700 29,500 44,700 68,400 99,300
Total 658,000 700,100 749,000 803,500 861,700 929,500 1,002,500

*Less than 100 acre-feet.
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to meet water requirements in sparsely populated areas where
It may not be feasible to provide service from proposed sur-
face water developments.
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CHAPTER rV. PLANS FOR DEVELOPMENT

The overall objective of the Department of Water
Resources Is to provide guidance and leadership In planning
for and Implementing the orderly development of water re-
sources to meet the economic and social needs of the people
of California. To assure such development In an efficient
and effective manner, planning studies are scheduled well In
advance of project construction. The Madera Area Investiga-
tion is a reconnaissance study for initiating the development
of future water projects.

During this investigation many possible water
projects were studied to assure the selection of projects
best suited to serve the needs of the area. Two multiple-
purpose projects appear superior to possible alternatives.
The proposed Oakhurst-Soquel Project would be located in the
Oakhurst-Bass Lake area, and the proposed Upper San Joaquin
River Project would be located in the Minarets Region of the
upper San Joaquin drainage basin tributary to Mammoth Pool
Reservoir. Additional studies would be required to clearly
demonstrate economic Justification, financial feasibility,
and the best method of implementing these projects.

Studies were made of a possible project to develop
surface runoff to supply water to the major areas of urban and
rural residential growth in the Mariposa unit. A dual-purpose
project for domestic water supply and recreation was considered,
as well as a single-purpose project for domestic water supply
only. The project found most advantageous was a dual-purpose
project, designated the "Usona Project", on the Middle Fork
Chowchllla River about a mile north of Bootjack Road. Major
project features would Include a dam creating a 4,000 acre-foot
reservoir with a normal pool elevation of 3,048 feet, pipelines
to convey water to the general area of Usona, Elliot Corners
and Lush Meadow Estates, and initial recreation facilities to
accommodate 42,000 visitor-days annually. At the present time
this project does not appear economically Justified because of
the high cost of reservoir yield and the small demand for water
during the early years of the project.

Population projections for the Mariposa unit indicate
that the water requirement would be only 70 acre-feet in 1970
but would increase to 585 acre-feet by 2020. In the future,
however, if water users are capable of paying more for water
than believed to be feasible at present, or if the population
increases more rapidly than predicted, the project may become
economically Justified. The Usona Project is not presented in
this report because of the apparent lack of economic Justifica-
tion. Information on the project may be obtained from the San
Joaquin District Office.
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Under the statewide water resources investigation
conducted between 194? and 1957 by the Department of Water
Resources, information was gathered and studies were made
which led to the formulation of the California Water Plan.
Proposed projects presented in Bulletin No. 3, "The California
Water Plan", included some proposals for future development
of water resources of Madera County, and were described as
components of the plan for the San Joaquin-Sierra Group.
Proposed works included the following:

Hidden Reservoir
Buchanan Reservoir
Windy Gap Reservoir
Miami Creek Reservoir
Lewis Fork Reservoir
Nelder Creek Reservoir
Mammoth Pool Reservoir and Powerplant
Chiquito Creek Reservoir and Powerplant
Miller Bridge Reservoir and Powerplant
Forks Reservoir and Powerplant

Review of Previous Proposals

A review during the Madera Area Investigation of
projects proposed under the California Water Plan revealed
that some proposed projects should be eliminated and others
should be modified. Rapid growth taking place in the
vicinity of Oakhurst would make acquisition of land for some
projects too costly. Studies also proved that other pro-
posals should be modified. For example, it was found that a
large dam and reservoir constructed at Jackass Meadow,
although not previously proposed, could develop the waters
of Granite and Jackass Creeks for power by direct diversion
to Forks Reservoir on the San Joaquin River rather than
through proposed Chiquito Reservoir on Chiquito Creek.

The current (1965) appraisals of previously pro-
posed projects are described in the following sections.

Hidden Reservoir

This authorized project on the Fresno River is to
be constructed by the U. S. Army Corps of Engineers.

Floods of the Fresno River are uncontrolled, and the
Corps of Engineers estimates that future flood damages would
average about $705,000 per year (1965 prices) if no further
protection were provided. These damages would occur mostly
in the general vicinity of the City of Madera. This area
is also water deficient, and there is an urgent need for ir-
rigation water supplies which could result from the storage
and regulation of flood flows. There is also need for ad-
ditional outdoor recreation opportunities, such as boating.
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water skiing, fishing, swimming, and picnicking which could
be provided by facilities associated with water storage and
conservation. For these reasons the Corps of Engineers has
planned a multiple-purpose project on the Fresno River for
control of floods, development of irrigation water, and
provision of recreation facilities.

A dam constructed on the Fresno River about l4
airline miles northeast of the City of Madera would impound
90,000 acre-feet of water in Hidden Reservoir. The reservoir
would regulate flood flows and other inflows for release as
safe channel flood releases and irrigation releases. Recrea-
tion facilities would be provided at the reservoir. The
first cost of the dam and reservoir and recreation facilities
would be about 13.5 million dollars.

The Sacramento District Office is now (I965) pre-
paring plans and specifications for the Hidden Project.
Contingent upon congressional appropriations, construction
of the dam and the recreation facilities will probably
commence in I968 and be completed in 1970. The Division of Forestry,
Calif, Dept. of Conservation, has cooperated with the Corps of Engineers in

the preparation of fire prevention plans for the Hidden and Buchanan Projects,

Buchanan Reservoir

This authorized project on the Chowchilla River
is to be constructed by the U. S. Army Corps of Engineers.

The Chowchilla River floods valley lands along the
Chowchilla and San Joaquin Rivers, including the City of
Chowchilla. Future damages would average $690,000 annually
(1965 prices) if no provisions were made for controlling such
floods. Large areas of irrigable lands capable of high pro-
ductivity cannot be fully developed because of the scarcity
of irrigation water. The increase in population in this
area and other parts of California have created a need for
development of water-associated recreation facilities. The
Corps of Engineers has formulated a multiple-purpose project
for the control and development of the water resources of
the Chowchilla River at the proposed Buchanan site.

Construction of a dam at the Buchanan site about
16 miles northeast of the City of Chowchilla would provide
150,000 acre-feet of storage space. This storage would be
used for multiple purposes, including flood control, con-
servation, and recreation. Floods would be regulated by
placing flood flows in storage and releasing at rates within
the capacities of downstream channels. Whenever possible,
flood waters would be held over for release during the ir-
rigation season. Recreationists would have access to the
reservoir, and water supply and sanitary facilities would be
provided.

Plans and specifications for the Buchanan Dam and
Reservoir are now (1965) being prepared by the Sacramento
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District Office of the Corps of Engineers. Construction may
commence, contingent upon congressional appropriations, in
1968 and be completed in 1970.

Windy Gap Reservoir

This project was first proposed as a major unit of
the ultimate State Water Plan in Bulletin No. 29, "San
Joaquin River Basin", a 1931 publication of the Division of
Water Resources, Department of Public Works, State of
California. At that time the State considered the Hidden
site as an alternative and selected the Windy Gap site because
storage was less costly. The Oakhurst-Soquel Project is proposed

in this report rather than the Windy Gap alternative because it

would be a more economical development for the upper Madera area.
' The Hidden site would control

tEe'runoff of practically the entire drainage basin of the
Fresno River above the valley floor.

Although not finalized, preliminary studies were
made of a possible future Windy Gap Project. The proposed
Hidden Reservoir will develop the Fresno River to a high
degree insofar as lower Madera County is concerned, and the
development of the Windy Gap site should be Justified mostly
by benefits provided to upper Madera County. The Oakhurst-
Soquel Project is proposed in this report rather than the
Windy Gap alternative because it would more economically
provide greater recreation and domestic water supply benefits
for the upper Madera area. The Windy Gap site, however,
is the least costly site for storage remaining on the Fresno
River and should be reevaluated subsequent to the development
of the Hidden site.

Miami Creek Reservoir

This reservoir as proposed in Bulletin No. 3 was
considered a possible source of supply for the Oakhurst-
Ahwahnee area; however, a more detailed investigation
indicates that the Oakhurst-Ahwahnee area can be served more
economically from the proposed Oakhurst-Soquel Project.
Furthermore, a reservoir at the Miami Creek site would have
limited recreation potential because nearly all suitable
camping sites would be inundated..

Lewis Fork Reservoir

A considerable number of homes have been constructed
within the Lewis Fork Reservoir site since the California
Water Plan was formulated. The increased cost of land ac-
quisition at this location would indicate an alternative
development.
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Nelder Creek Reservoir

Excessive costs of land due to subdivision develop-
ments in the reservoir area in recent years have made this
proposal Infeaslble.

Mammoth Pool Reservoir and Powerplant

This project was developed by the Southern Califor-
nia Edison Company subsequent to the publication of the
California Water Plan. The project includes an earthen dam
on the San Joaquin River, 4ll feet in height, which contains
5^355^000 cubic yards of material, and impounds 123,000
acre-feet with a maximum water surface area of 1,100 acres.
A tunnel 7.5 miles long along the west side of the San Joaquin
River conveys water from the reservoir to a 129,400-kilowatt
powerplant at a point on the river about one mile upstream
from the confluence of the river with Big Creek. Mammoth
Pool Reservoir is used by many recreationists at the present
time.

The potential Chiquito, Miller Crossing, and Porks
Reservoir Projects were reappraised. This reappraisal resulted
in the modified proposals for development which comprise the
Upper San Joaquin River Project described in this chapter.

Oakhurst-Soquel Project

The proposed Oakhurst-Soquel Project would provide
urban and domestic water supplies for the Oakhurst, Ahwahnee,
Coarsegold, North Fork, and South Fork areas, and recreation
and fisheries enhancement for the general public in the
proposed Soquel Reservoir area and along North Pork Willow
Creek, Nelder Creek, and the Upper Fresno River.

The proposed project would Include an earthfill
dam on North Pork Willow Creek near Soquel Meadow which would
create an 8, 000-acre -foot reservoir. Project water would be
released into the North Pork of Willow Creek and/or into
Nelder Creek. A diversion dam on the North Pork of Willow
Creek about a mile upstream from Bass Lake would divert
project water into a pipeline which would be constructed
around the north and west sides of Bass Lake, around the
upper portion of the China Creek drainage basin, and along
State Highway 4l as far as Coarsegold. A diversion dam on
Nelder Creek, and another on Lewis Pork of Fresno River,
woul-d divert project water and local runoff into a pipeline
for conveyance to Oakhurst and Ahwahnee. This conduit would
be aligned along the west side of State Highway 4l and the
north side of State Highway 49. Another pipeline would be
constructed from Manzanita Lake, a forebay reservoir of the
Pacific Gas and Electric Company located about three miles
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south of Bass Lake, to the communities of North Fork and
South Pork. The locations of these features of the proposed
project are shown on Plate 17.

Releases of water from Soquel Reservoir during the
summer and fall months would enhance the existing fisheries
on the North Fork of Willov; Creek between the proposed Soquel
Dam and Bass Lake. The fishery on Nelder Creek and the
Fresno River would likewise be enhanced by the diversion of
water from Soquel Reservoir.

The Soquel Reservoir site has an excellent recrea-
tion potential because of the natural beauty and pleasant
summer climate, easy accessibility, desirable topography,
and the public ownership of surrounding lands. Recreation
development at Soquel Meadow would relieve the presently
overcrowded facilities at Bass Lake.

Consideration of Alternatives

Many alternatives for developing the water resources
of the Madera area were considered during the investigation.
Among those studied were alternative reservoir sites on the
Fresno River at Windy Gap, on the Lewis Pork tributary to the
Fresno River above Oakhurst, and on Miami Creek tributary
to the Fresno River below Oakhurst. The Soquel site v/as -found

superior to all alternative sites for the following reasons:

1. Storage and yield costs are less at the
Soquel site than at all alternative sites except
Windy Gap. An 8,000 acre-foot reservoir could
supply water to meet the requirements of the major
areas of urban and rural residential growth in the
upper Madera unit to the year 2020.

2. The location and elevation of the Soquel
site is such that all the areas of rural and resi-
dential growth in the upper Madera unit could be
supplied water by gravity service. None of the
alternative sites has this advantage.

3. The Soquel site offers greater recrea-
tion potential than any of the alternative siteswhi'cn

Although storage and yield costs are less at the
Windy Gap site, the cost of water supply to the Oakhurst-
Ahwahnee area would be greater because the water would have
to be pumped. The cost of supplying water to the Coarsegold,
Bass Lake, and North Pork-South Pork service areas from Windy
Gap would be greater because of the pumping lift and convey-
ance distance. Other disadvantages to the Windy Gap site are
the poor recreation potential and the fact that the reservoir
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would receive septic tank effluent from urban development
in the Oakhurst-Ahwahnee area.

Effect on Present Development

Construction of the Oakhurst-Soquel Project would
have considerable impact upon the present development of the
upper Madera area. The economic growth of the area would be
encouraged as a result of developments associated with both
the recreation and conservation functions of the project.

The recreation developments of the proposed
Oakhurst-Soquel Project would affect, and be affected by,
the existing and proposed recreation facilities of the Bass
Lake Ranger District. At the present time facilities at
Bass Lake are being overused but could be relieved by con-
struction of facilities at the proposed Sequel Reservoir.
A small existing campground, however, would be flooded out
by the reservoir.

The Madera Irrigation District would be affected
by the conservation aspects of the proposed Oakhurst-Soquel
Project. It maintains two diversions which import water
from the San Joaquin River drainage basin Into the Fresno
River drainage basin (Chilkoot and Soquel) and one diversion
which imports water from the Merced River drainage basin
into the Fresno River drainage basin (Big Creek).

The highest in elevation and the smallest diversion
is made from Chilkoot Creek, a tributary of Willow Creek, at
an elevation of about 7^100 feet. The water is conveyed by
a small, unlined ditch approximately 1,200 feet to a tributary
to North Fork Willow Creek.

The second and much larger diversion from the San
Joaquin River watershed Is made on North Fork Willow Creek
at an elevation of about 5^^00 feet. It diverts a part of
the flows of North Pork Willow Creek, including the diverted
flows of Chilkoot Creek. This "Soquel Ditch", consisting of
canal and siphon, conveys the water approximately one mile
to the headwaters of California Creek, a tributary of Nelder
Creek. This diversion is referred to as the "Soquel Diver-
sion" elsewhere in this report (see Plate 17).

A diversion dam on Big Creek, a tributary of the
South Fork Merced River, diverts a portion of the flows of
Big Creek into Lewis Fork of the Fresno River. This short
canal Is often referred to as the "Big Creek Ditch" (see
Plate 17).

The Oakhurst-Soquel Project as proposed would
conserve the water from the present Soquel Diversion for
multiple purposes. The project would not regulate water
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from the Big Creek Diversion during the initial period up to
year 1990, but it is proposed that at a later date a higher
diversion on Big Creek would divert about 26 percent of the
present diversion into Soquel Reservoir. The flows of Lewis
Fork, including the Big Creek Ditch flow, would supplement
releases from proposed Soquel Reservoir for consumptive
purposes in the Oakhurst-Ahwahnee area. The proposed project
would affect the water supply of the Madera Irrigation
District.

The "statement of Madera Irrigation Water Rights"
prepared by the late Harry Barnes in a report to the Board
of Directors of the Madera Irrigation District dated
November 6, I962, contained the following:

"The primary right of Madera Irrigation
District to water of the Fresno River (purchased
in 1951 from the Madera Canal and Irrigation
Company) consists of the first 200 second-feet
of the flow of Fresno River at the dam a couple
of miles east of Madera, or the entire flow of
the river at that point if the discharge is less
than 200 second-feet. This includes foreign
water introduced into the watershed of the Fresno
River from a branch of the Merced River through
Big Creek Ditch and from the North Fork of the
San Joaquin River through Soquel Ditch. The
Soquel right consists of a maximum of 50 second-
feet from Soquel Creek October 1 through July 31
annually, and from Big Creek a maximum of 50
second-feet during each month excepting April
when it is reduced to 20 second-feet. (The pre-
ceding references to 'North Fork of the San
Joaquin River' and 'Soquel Creek' should read
'North Fork Willow Creek'.) The use of this 200
second-feet of water at Madera dates back to
1872 and the right was adjudicated by a decision
of the State Supreme Court in I919.

"This right through long and uninterrupted
use has become prescriptive against downstream
water users -- both riparian and appropriative,
which means that it is immune from attack from
those sources. Likewise, it is not affected by
later filings to appropriate Fresno River water.
Insofar as the natural flow of the stream is
concerned, the right is subject to encroachment
by riparian water use upstream, to the extent
of its reasonable use. These riparians, however,
can exercise no claims to any of the foreign
water brought into the Fresno River watershed
by the Soquel and Big Creek ditches . . .

.

"
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Because the right to the water proposed to be
supplied by the Oakhurst-Soquel Project Is held by the Madera
Irrigation District^ an exchange agreement between the
project sponsors and the District would be necessary. Project
sponsors could negotiate for additional deliveries from the
East Side Division of the Central Valley Project to replace
supplies to the Madera Irrigation District.

In the early years of project operation, water re-
quirements in the Upper Madera Unit would be small and
proposed releases from Soquel Reservoir would make the Fresno
River a live stream throughout the year. Requirements would
increase gradually to approximately 7^600 acre-feet annually,
or about 54 percent of the average amount imported in the
year 2020. An estimated 50 percent of the requirements would
be consumptively used, and the remainder would return to the
Fresno River as effluent seepage. The overall effect of
the project would be a small, gradual reduction in the water
supply of Madera Irrigation District from the Fresno River
to provide supplemental water supplies for upstream areas.
From the first, however, significant recreation and fishery
enhancement benefits would be realized.

Major Project Features

The proposed Oakhurst-Soquel Project would consist
of Soquel Dam and Reservoir, recreation facilities, Oakhurst-
Ahwahnee Diversion Dams and Pipeline, Bass Lake-China Creek-
Coarsegold Diversion Dam and Pipeline, and North Fork-South
Fork Pipeline. Proposed recreation facilities are described
in a separate section.

Soquel Dam and Reservoir . The proposed reservoir
site is located about six miles north of Bass Lake and about
seven miles southeast of the southern (State Highway 4l)
entrance to Yosemite National Park. Access to the reservoir
site is provided by three routes, two from Highway 4l and
one from "The Pines" at Bass Lake. The shortest and best
route from Madera or Fresno is from Highway 4l at the turnoff
to Sky Ranch, about three-quarters of a mile north of
Yosemite Forks. From Highway 4l about six miles of well
maintained dirt road leads to the site.

The proposed Soquel Dam would be located on North
Fork Willow Creek in the southeast corner of Section l6.
Township 6 South, Range 22 East, MDB&M. Streambed elevation
at the damsite is 5^240 feet. Portions of Sections 9i 10,
15, and 16, Township 6 South, Range 22 East, would be
inundated by the reservoir.

Aerial photographs of the site were taken in
October of I96I, and topographic maps of the reservoir area
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were prepared with a scale of one inch equals 300 feet and
with a contour Interval of 10 feet. Table 28 provides
pertinent data on the reservoir site.

The dam would be a modified homogeneous earth-
fill structure 110 feet in height at the maximum section.
Plate 17 presents the plan and cross sections of the pro-
posed dam and a general layout map of the overall project.
The crest length of the dam would be 700 feet, the crest
width 30 feet, the upstream slope 3:1 and the downstream
slope 2:1.

The axis of the dam would be in a moderately-
steep section of the stream underlain by a narrow belt of
black quartz mica schist. This belt of schist, bounded on
each side by granitic rock, is several hundred feet wide
and trends northwest, nearly parallel to the axis of the
dam. The main portion of the dam would be founded on
granitic rock with the extreme upstream toe on schist. The
quartz mica schist is fine-grained with discernible mica
flakes, is schistose (platy), and is moderately fractured
near the surface. It is hard and appears massive in the
channel section where it is fresh. The schistosity becomes
more pronounced upon weathering as shown in the abutments.

The granitic rock is hard and massive where it
is unweathered. On the abutments the granitic rock is
covered by a variable depth of decomposed granite. The
granitic rock is gneissose at the contact with the lineation
somewhat parallel with the schist contact.

Stripping would consist mainly of excavation in
soil and weathered rock to a depth of about ten feet in the
abutments and about five feet to shape bedrock and remove
channel deposits in the channel section. A positive cutoff
would be extended to bedrock which may be 20 feet normal to
the slopes on the abutments. Grouting of the bedrock is
expected to be light, ranging from about 0.1 to 2.0 cubic
feet per linear foot of hole.

The most suitable spillway would probably be a
side channel spillway in the left abutment of the dam.
Although no natural reentry can be utilized, spills would
be discharged below an eastward turn of the stream. The
spillway crest, trough, and chute would be founded on
decomposed granite and granitic rock. Lining would likely
be required for the entire length of the trough and chute
because depth to bedrock is estimated to be about 25 feet.

The spillway would pass the probable maximum
flood of 21,500 second-feet with two feet of freeboard.
The chute would terminate with a flip bucket designed to
traject discharges onto the unweathered granite in the
stream channel.
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TABLE 28

AREAS AND CAPACITIES OF SOQUEL RESERVOIR

Depth of
Water

at Dam,
in Feet



Oakhurst-Ahwahnee Diversion Dams and Pipeline . This
feature of the proposed Oakhurst-Soquel Project would consist
of a diversion dam on Nelder Creek, a pipeline to Lewis Fork
of the Fresno River, a diversion dam on Lewis Fork, and a main
distribution pipeline. The dam on Lewis Fork of the Fresno
River would provide a small amount of regulatory storage, and
the pipeline leading from the diversion dam would convey water
to the Oakhurst-Ahwahnee areas.

The proposed Lewis Pork Diversion Dam and Nelder
Creek Diversion Dam would be located about 2.5 miles north of
Oakhurst in Section 36, Township 6 South, Range 21 East,
MDB&M. Streambed elevation at the proposed diversion dams
would be about 3^000 feet, USGS datum. The proposed concrete
gravity dams would be about I5 feet high. An l8-lnch pipeline,
one-half mile long, would convey Soquel Reservoir releases from
Nelder Creek to Lewis Fork at the dams. A slide gate would
permit regulation of diversions into an intake structure and
thence into a pipeline having a total length of about eight
miles. The first three miles to the approximate vicinity of
the intersection of Highways 4l and 49 Just south of Oakhurst
would be an l8-lnch pipeline, the next three miles to the
general vicinity of Miami Creek would be l4-lnch, and the re-
maining two miles to Ahwahnee would be 12-inch. It appears
that no unusual problems would be encountered in the construc-
tion of this project feature.

Releases from Soquel Reservoir in excess of the
amounts conveyed in the Oakhurst-Ahwahnee pipeline would spill
over Nelder Creek Diversion Dam and flow down Nelder Creek.

Bass Lake-China Creek-Coarsegold Diversion Dam
and Pipeline . The proposed North Pork Willow Creek Divers ion
Dam would be located near the center of Section 9> Township 7
South, Range 22 East, MDB&M about one-half mile upstream from
Bass Lake. Streambed elevation would be about 3^760 feet. A
10.7-mlle pipeline would convey water from the dam along the
north and west sides of Bass Lake, thence along the headwaters
of China Creek in a generally southwesterly direction to
Coarsegold. The first 3.8 miles to the headwaters of China
Creek would be a pipeline l4 inches in diameter, and the
remaining 6.9 miles would be a 10-inch pipeline.

North Fork-South Fork Pipeline . The proposed North
Pork-South Fork pipeline would extend from Manzanita Lake
1.2 miles to the vicinity of the communities of North Pork
and South Fork. The pipeline would be 12 inches in diameter.

The general features of the proposed Oakhurst-
Soquel Project are shown in Table 29.
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TABLE 29

GENERAL FEATURES OP
THE PROPOSED OAKHURST-SOQUEL PROJECT

" Item ; Description

Soquel Dam

Type Modified homogeneous earthfill
Elevation of streambed. In feet 5,240
Crest elevation, in feet 5,350
Crest height above streambed, in feet 110
Crest length, in feet 7OO
Crest width, in feet 30
Slopes: Upstream face 3:1

Downstream face 2:1
Volume of fill, in cubic yards 425,000

Soquel Spillway

Type Side channel
Crest elevation, in feet 5,337
Crest length. In feet I50
Freeboard above crest, in feet 13
Probable maximum flood peak outflow, in second feet 21,500

Soquel Reservoir

Storage capacity at minimum pool. In acre-feet 3,000
Storage capacity at normal pool, in acre-feet 8,000
Surface area at minimum pool, in acres 122
Surface area at normal pool. In acres 256
Water surface elevation at minimum pool, in feet 5,310
Water surface elevation at normal pool, in feet 5,337
Drainage area, in square miles l6,3

Oakhurst-Ahwahnee Diversion Dams.1/ and Pipeline

Type of dam Concrete gravity
Type of spillway overflow
Type of outlet works:

Stream outlet 36-inch slide gate
Conduit intake l8-lnch slide gate

Lengths, diameters, and capacities of section of pipeline:
Nelder Creek to Lewis Fork f mile, l8-inch,

and 13.5 second-feet
Diversion to Oakhurst 3 miles, l8-lnch,

and 13.5 second-feet
Oakhurst to Miami Creek 3 miles, l4-lnch,

and 6.7 second-feet
Miami Creek to Ahwahnee 2 miles, 12-lnch,

and 4.0 second-feet

TJ Nelder Creek and Lewis Fork Diversion" Dams would be similar.
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TABLE 29 (Continued)

GENERAL FEATURES OF THE
THE PROPOSED OAKHURST-SOQUEL PROJECT

Item ;' Description

Bass Lake -China Creek-Coarsegold Diversion Dam and Pipeline

Type of dam Concrete gravity-
Type of spillway Overflow
Type of outlet works:

Stream outlet 36-lnch slide gate
Conduit Intake l4-lnch slide gate

Lengths, diameters, and capacities of sections of pipeline:
Diversion to China Creek 3.8 miles, l4-inch,

and 7.0 second-feet
China Creek to Coarsegold 6.9 miles, lO-lnch,

and 2.8 second-feet

North Fork-South Fork Pipeline

Type of intake 12-lnch slide gate
at Manzanita Lake

Length, diameter, and capacity of pipeline:
1.2 miles, 12-inch,
and 2.5 second-feet

Proposed Operation

The Soquel Reservoir site and watershed is located
in a moderately heavily timbered region of the Sierra National
Forest. The l6.3 square miles of watershed range from 5*3^0
to 9 J 100 feet in elevation. Precipitation on the watershed
averages about 48.3 inches and the mean annual runoff is about
17,300 acre-feet. Most of the runoff originates as snowmelt
from April through July. The estimated probable maximum flood
of 21,500 second-feet would have a duration of 87 hours and a
volume of 47,900 acre-feet. Flood routings through the
proposed 8,000-acre-foot reservoir indicated that the reduction
from inflow to outflow would be very small, so the spillway
was designed to pass 21,500 second-feet.

The project would conserve and regulate water from
the "Soquel Diversion" for service to the Oakhurst, Ahwahnee,
Bass Lake, China Creek, Coarsegold, North Fork, South Pork,
and other nearby areas. The Oakhurst -Ahwahnee area would
be supplied by pipeline from diversions near Yosemlte Forks
(Lewis Fork and Nelder Creek Diversions). These small dams
and reservoirs would have some regulatory effect and would
facilitate the diversion of natural flows of Lewis Fork and
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Nelder Creek, diversions from Big Creek, and also supple-
mental releases from Soquel Reservoir. Soquel Reservoir
would furnish the entire supply for the Bass Lake, China
Creek, Coarsegold, North Pork, and South Pork areas.

The Soquel and Big Creek diversions have operated
for more than 50 years, but they have been measured for only
a short time. The recent records of the Soquel Diversion,
as obtained by the Madera Irrigation District and the Big
Creek Diversion records of the Department of Water Resources,
indicate fairly accurately the amount of water that would be
available to the proposed project under existing water
rights and diversion practices.

The operation of Soquel Reservoir has been based
on the premise that "Soquel Diversion" would constitute the
only inflow. This assumption was made to illustrate that
all project water could be obtained from this source. In
practice, the natural flow of North Fork Willow Creek would
probably be regulated to some extent in conjunction with
project operations. Such an operation should be conducted
if feasibility studies of this site are made later.

Monthly operation studies of the proposed Soquel
Reservoir were based on a repetition of hydrological con-
ditions from October 1913 through September 1963 and on
estimated future water demand conditions. These operation
studies are presented in Appendix A. An annual summary of
this operation study with water demands estimated to occur
about 1990 is shown in Table A-1. The monthly operation
study during the most critically dry condition is shown in
Table A-2. The study indicates that the estimated 199O
water demand of 3,3^5 acre-feet (1,470 acre-feet in the
vicinity of Oakhurst and Ahwahnee and 1,875 acre-feet in
other project areas) could be met with a maximum drawdown of
only 1,675 acre-feet, or about 10 feet, in Soquel Reservoir.

By the year 2020 it is estimated that water require-
ments in the proposed project service areas will increase to
3,745 acre-feet for the Oakhurst -Ahwahnee area and 3,840
acre-feet for the other service area. By the time these
amounts of water are needed an additional supply to the
reservoir will also be required. This can be achieved by
construction of a small diversion dam on Big Creek near Presno
Dome in Section 34, Township 5 South, Range 22 East, MDB&M,
and a short ditch to a tributary of North Fork Willow Creek
above Kelty Meadow camp ground. These facilities would divert
about 26 percent of the "Big Creek Ditch" diversion into
Soquel Reservoir.

Another similar monthly reservoir operation study
was made by using the estimated water requirements for the
year 2020. An annual summary of the results of the operation
study is shown in Table A-3. The critical dry period for the
2020 demand was found to be under water supply conditions
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which occurred between July 1930 and May 1932. The monthly
operation during the most critical dry period is shown in
Table A-4 and indicates a maximum drawdown of about 5,000
acre-feet.

Water Conservation Aspects

Population projections indicate the population in
the Oakhurst-Soquel Project service areas will increase
from an estimated 5^500 in 1970 to an estimated 23,000 in
2020. Water supplies would be furnished to urban consumers
in the towns of Oakhurst, Ahwahnee, Coarsegold, North Pork,
and South Pork, and to rural domestic homesites located
throughout Study Areas 13 through 17 (see Plate l6). About
100 acres of commercial agricultural land in Study Area 13
would also be served.

Current water supplies in the study areas which
would be served by the proposed Oakhurst-Soquel Project are
derived almost entirely from ground water. A preliminary
area-wide geological reconnaissance survey indicates there
is sufficient ground water recharge directly from precipita-
tion to meet the estimated future water requirements of the
proposed project service areas, but only a small fraction of
the ground water supplies could be economically developed.
As the service areas experience more urban-type development,
ground water in the vicinity of growth will not be sufficient
to meet requirements. There also exists the problem of
imminent pollution of both ground water and surface water
in the areas of concentrated development, as noted in
Chapter 2.

The cost of water produced from wells is relatively
high in the upper Madera area because of the initial cost of
the well and pump and the low yield of water from wells in
crystalline rock. It is estimated that water produced from
wells in the upper Madera area costs about $200 per acre-foot
A safe dependable supply could be obtained from the Oakhurst-
Soquel Project for considerably less.

In estimating future water requirements for the
project service areas, consideration was given to the like-
lihood that most of the existing wells would continue in
service until failure occurred and that some rural homes
would be too remote to be economically served by pipeline.

Project water requirements were based on pro-
jected population and on the following estimates and
assumptions:

1. One-third of the population would reside
in urban areas and two-thirds in rural homesites.
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2. Domestic water requirements would be about
one-fourth acre-foot per capita annually, or about
220 gallons per day.

3. Rural homesites would on the average have
one-eighth of an acre of gardens and home orchards
with a water requirement of 3.2 acre-feet per acre,
or 0.4 acre-foot per homesite.

Table 30 presents anticipated water requirements
by decades from 1970 through 2020 by study areas. Table 31
shows the proposed distribution of year 2020 water require-
ments by pipelines to the service areas of the proposed
project.

Recreation Aspects

The Soquel site is in one of the most beautiful
areas of the Sierra Nevada. The hills are heavily forested
except for the occasional granite spire which provides an
aura of majesty to the landscape. Kellogg oak, red fir, white
fir, lodgepole pine, sugar pine, ponderosa pine, and incense
cedar adorn the slopes. Some of the valleys contain lush
meadows which remain wet and green well into the summer. The
year-round streams which bisect the valleys are cool and
clear. Trout lurk in the deeper pools, awaiting the angler's
fly. Along the banks of the streams a few gnarled cotton-
woods add rugged character to the docile beauty of the pine
forest.

Mule deer, black bear, coyotes, and an occasional
wandering mountain lion are native to this portion of
Madera County. The western gray squirrel, brush and Jack-
rabbits, mountain quail. Sierra grouse, and infrequently
band-tailed pigeons are also native to the upland region.
Some of the smaller furbearing inhabitants are raccoons,
skunks, weasels, badgers, foxes, porcupines, and bobcats.
A golden or bald eagle may sometimes be seen soaring over
the craggy spires of the granite outcroppings.

The climate at Soquel Meadows (elevation 5^300
feet) is much more varied than that of the San Joaquin Valley
floor. Recreationists may expect an occasional thunderstorm
during the summer months. The area is usually closed by snow
from the middle of November until the middle of May. Tempera-
ture data are not available for the project area, but experi-
ence indicates summer daytime temperatures are usually in the
80's with nighttime temperatures in the 60's. The average
annual precipitation is about 45 Inches.

During this investigation, estimates have been made
of present and future developments under "nonproject" and
"project" conditions to estimate "net project conditions
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attributable to the proposed Oakhurst-Soquel Project.
These estimates give some idea of the recreation potential of
the proposed Soquel Reservoir site and how it fits into the
overall development of the Bass Lake Ranger District of the
Sierra National Forest.

TABLE 30

FUTURE WATER REQUIREMENTS
IN OAKHURST-SOQUEL PROJECT STUDY AREAS

(in Acre-feet)

Study Area; Type of Use
: Year
: I97O ; 19^0 ; I99O ; 2000 : 2010 ; 2(JK5

I3I/

142/

17^

Total

Domestic
Garden & Home Orchard
Commercial Agriculture
Total

Domestic
Garden & Home Orchard
Total

Domestic
Garden & Home Orchard
Total

Domestic
Garden & Home Orchard
Total

Domestic
Garden & Home Orchard
Commercial Agriculture
Total

200 625 1375 2025 2750 3500
85 270 590 860 1170 1470
260 260 260 260 260 260
545 1155 2225 3145 4l80 5250

75 150 300 350 400 450

75 150 300 350 400 450

100 175 375 500 625 750
45 75 160 210 270 320
145 250 535 710 895 1070

50 90 200 300 425 575
20 35 85 130 180 240
70 125 285 430 605 815

425 1040 2250 3175 4200 5275
150 380 835 1200 1620 2050
260 260 260 260 260 260
835 1680 3345 4635 6080 7585

17 About 70 percent of Study Area 13 would be served by
Oakhurst-Ahwahnee pipeline. The remaining 30 percent
(China Creek) would be served by the Bass Lake-China
Creek-Coarsegold pipeline.

2/ Study Area l4 (Bass Lake) would be served by Bass Lake-
China Creek-Coarsegold pipeline.

3/ Study Area 15 would be served by North Fork-South Fork
pipeline.

4/ Study Area 17 would be served by Bass Lake-China Creek-
Coarsegold pipeline.
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TABLE 31

PROPOSED DISTRIBUTION OP
OAKHURST-SOQUEL PROJECT WATER SUPPLIES FOR THE YEAR 2020

(in Acre-feet)

Service Area



There is a paved road Into and through the Bass Lake
recreation area. Eleven areas are available for recreation
along the Bass Lake perimeter. Seven of these are family-type
campgrounds, three are family-type picnic areas, and one is a
group picnic area. Facilities available in Bass Lake recrea-
tion area and other areas of the Bass Lake Ranger District are
shown in Table 32.

TABLE 32

RECREATION FACILITIES AVAILABLE IN I963
IN BASS LAKE RANGER DISTRICT

(Does Not Include Commercial Developments)

: Campgrounds : : : :

Designation of Area : and :Camp : Picnic : Unimproved: Group
; Picnic Areas ; Units : Units : Areas ;Units

Bass Lake Recreation
Area 11 312 40 2

Miami-Pish Camp-Mt.
Raymond-and-Fresno
Dome Recreation
Area 8 84

Iron Creek-Grizzly
Creek Recreation
Area

Nelder Grove-Soquel
Recreation Area

Chilkoot (Central
Camp Recreation
Area)

Pack Camps

Totals

The recreation facilities available to the public in
1963 at Bass Lake comprised 68 percent of the total facilities
available within the district. The visitor-day attendance for
1963 at Bass Lake was 83 percent of the total use of the
district (see Table 33).

U. S. Forest Service personnel estimate that the
capacity of its camping facilities at Bass Lake should be
set at a maximum of about 1,875 visitors per day. In 1963
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TABLE 33

COMPARISON OP FACILITIES AND RECREATION USE
IN BASS LAKE RECREATION AREA

AND BASS LAKE RANGER DISTRICT IN I963

i ; Facilities ; Visitor-Days
Designation of Area ; Acres ; Number; Percent; Number ; Percent

Bass Lake Recreation
Area 4,077 354 68 422,754 83

Bass Lake Ranger
District 76,100 523 100 511,700 100

the facilities had over 2,320 visitors per day, a 24-percent
overuse. The facilities attract 4,000 to 5,000 campers per
day during the summer holidays and weekends. The day-use
areas at Bass Lake can accommodate 720 visitors per day
assuming a maximum turnover without damage to the ecological
resources of the site. The Forest Service estimated an
annual average use at Bass Lake of approximately 1,900
visitors per day -- 2.5 times the optimum capacity. The
heavy overuse of the Forest Service areas causes human
erosion"!/ and detracts from the esthetic values of the
recreation experience.

The day-use visitors to the Bass Lake recreation
area are preponderantly from the Fresno-Madera population
centers. The California Public Outdoor Recreation Plan —
Part I, states: "The average one-way distance for one-day
round trips, by automobile — for outdoor recreation — is
35 miles. Madera and Fresno are 53 and 58 miles, respec-
tively, from Bass Lake. These distances are near the maximum
range of one-day round trips, considering also recreation
time.

An analysis of 888 visitor registration cards at
the Bass Lake recreation area ranger station Indicated that
59 percent of the overnight visitors were from south of the
Tehachapl Mountains (see Table 34).

Personnel of the Bass Lake Ranger District indicated
from their experience that the Bass Lake recreation area is
used quite heavily by Southern Californlans. Carrying this
analysis one step further we can assume that 73 percent of the
campers have driven over 200 miles from their point of origin
to use the recreation facilities at Bass Lake.

17 The deterioration of an area due to littering or mutilating
the landscape, soil compaction, undue vegetative removal,
etc

.
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TABLE 34

ANALYSIS OF VISITOR REGISTRATION CARDS AT
THE BASS LAKE RANGER STATION

(Months of June and July 1964, Camping Only)

Area of Origin



2. Campsites: Three units per acre at
five persons per unit per day.

3. Group camping: Fifteen persons per acre
per day.

4. Day use: Three units per acre for five
persons per unit per day with a turnover rate of
two.

Table 35 presents information on projected recrea-
tion development in the Bass Lake Ranger District. Assuming
full development of the acreage indicated in Table 35> an
annual use of 1,125,000 visitor-days for the year 1976 is
predicted. The demand for that year would exceed the capacity
of use by 10.5 percent. The year 2000 would have an annual
use of 1,372,000 visitor-days.

TABLE 35

PROJECTED ACREAGE DEVELOPMENT BY SIERRA NATIONAL FOREST
FOR BASS LAKE RANGER DISTRICT

Projected Year"
Type of Development



TABLE 36

A^mCIPATED RECREATION USE IN BASS LAKE RANGER DISTRICT
WITHOUT SOQUEL RESERVOIR

(Family Camping, Picnicking, and Public Group
Camping, In Visitor-days per Annum)

•
•

Year :



1970. The Soquel Reservoir Project recreation potential
would meet this demand.

Experience has shown that the creation of a new
recreation resource tends to create an additional demand for
it. If the demand for water associated recreation increases
proportionate to the expected population increase, the
demand will exceed the capacity of both Soquel and Bass Lake
by the year 2000. Table 37 shows the anticipated recreation
use of the Bass Lake Ranger District with the development of
Soquel Reservoir.

TABLE 37

ANTICIPATED RECREATION USE IN BASS LAKE RANGER DISTRICT
WITH SOQUEL RESERVOIR

(Family Camping, Picnicking, and Public
Group Camping, in Visitor-days per Annum)

Year:
Soquel

Bass Lake*: Day : Overnight;
: Use : Use ;

Other** Total

535,000 1,047,000

888,000 1,500,000

1,003,000 1,725,000

1,035,000 1,847,000

1,058,000 1,870,000

1,073,000 1,885,000

* Based on "safe capacity".
** The project would eliminate the existing Soquel

campground, which would have an estimated annual
use of 15,000 visitor-days per year by 1970. The
visitor-days entries in the column titled "other"
have been correspondingly reduced by 15,000 visitor-
days which are included in gross use at Soquel.
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Provision should be made for the acquisition of a
strip of land 300 feet wide measured horizontally from the
maximum pool shoreline. This recreation land surrounding the
reservoir would be developed for general project purposes.
Approximately 9^ acres of this strip would be used for rec-
reation. An additional 772 acres should be developed to
provide adequate recreation facilities.

Initially, recreation development should commence
on the north shore of the reservoir. A day-use area of 3
acres and a family camping area of 45 acres would be needed.
Initial development on the south shore should start with a
20-acre parcel for group camping. Table 38 gives the
projected future recreation development by decades. Plate
l8 presents a land-use plan for the proposed Soquel recreation
development.

TABLE 38

RECREATION DEVELOPMENT BY DECADES
AT SOQUEL RESERVOIR

: Family : Family : Group : :

Year : Camp : Picnic :Camp :Beach: Boat
; Units ; Units tUnits ; Areas : Ramps

Parking
Areas

1970



The natural fishery at the proposed Soquel Reservoir
Is predicted to be average, and catchable trout probably
should be planted as In the cases of Nelder Creek and North
Fork Willow Creek.

The Soquel Reservoir site is on the migration
route of the Oakhurst deer herd. Since no ditches, conduits,
or any barriers are proposed which would Interfere with the
passage of the deer, no detriment to deer and other wildlife
is foreseen. Conversely, the reservoir would not enhance
wildlife in the area.

Project Benefits

Potential benefits which would accrue from the
proposed Oakhurst -Soquel Project have been estimated for the
conservation and recreation functions. However, it was not
possible to evaluate either fishery or wildlife benefits.

Water Conservation Benefits . Urban water prices
have been analyzed for foothill portions of several counties
of the Sierras. These studies indicate that a reasonable
value for potable water for domestic use is $115 an acre-foot.
Rural homesites in the project service area are expected to
average about three-quarters of an acre. In addition to the
domestic water requirements, garden and home orchard irriga-
tion is planned for about one-eighth acre per average homesite.
Most of these homes would be built by retired people and those
employed locally. Previous analyses made for similar areas
have resulted in an estimated benefit of about $50 per acre-
foot for water for garden and home orchard use.l/

A value of $90 per acre is used herein in estimating
benefits to commercial agriculture. The $90 figure is an
estimate derived from previous investigations rather than a
calculated amount for this particular area; however, since
the estimated acreage used for agriculture is only 100 acres,
any error in the unit value of $90 would not significantly
affect the benefits of the project.

The present worth of conservation benefits over
the 50-year period of analysis totals $6,136,000. This is
based on the above unit values for domestic, garden and
home orchard, and commercial agriculture (Table 39).

TJ Bulletin No. l45, "Feasibility Study: Agua Pria Investi-
gation", Department of Water Resources, 1964, P. 74.
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Recreation Benefits . The values of $1.00 and $1.50
per visitor-day of use were estimated for day use (picnicking
and sight-seeing) and overnight use (camping), respectively.
No benefit is claimed herein for the 15,000 visitor-day
overnight use predicted for the Soquel Campground without the
Soquel Reservoir.

The present worth of the net recreation benefits
over the 50-year period of analysis at the Oakhurst-Soquel
Project totals $10,273,000 (Table 4o).

Project Costs

The estimated costs of the proposed Oakhurst-
Soquel Project presented in this section would be adequate
to provide for the conservation and recreation purposes of
the project. Further studies would be required to determine
whether additional costs would be justified for fish enhance-
ment, and the manner in which project costs should be assigned
to the fishery and other possible purposes of the project.

Joint Costs . The construction of the proposed
Soquel Dam and Reservoir would be necessary to accomplish
any of the purposes of the proposed project. The cost of
this feature of the Oakhurst-Soquel Project would therefore
be borne jointly by all project purposes. Table 4l presents
the estimated capital cost of Soquel Dam and Reservoir.

The estimated annual cost for operation, mainten-
ance, and general expense of the dam and reservoir is $8,300.
On a present worth basis this would be $177,000 over the 50-
year period of analysis. The joint costs on a present worth
basis total $1,550,000.

Water Conservation Costs . The specific conserva-
tion costs Include necessary facilities for diverting and
distributing water to the project service areas, and the
cost of acquiring a substitute water supply for the Madera
Irrigation District. The capital costs of the project dis-
tribution system are shown in Table 42. The cost of purchasing
substitute water for the Madera Irrigation District is based
on preliminary estimates of the cost of East Side Division,
Central Valley Project water delivered in the Madera Irriga-
tion District. The present worth of substitute water for the
Madera Irrigation District was estimated to be $445,000 over
the 50-year period of analysis.
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TABLE 41

ESTIMATED CAPITAL COSTS OF SOQUEL DAM AND RESERVOIR

(Based on Prices Prevailing In I965)

I Capital
Item ; Costs

Dam
, $ 510,000

Spillway -
- 307,000

Willow Creek outlet works 53,000

California Creek outlet works 83,000

Reservoir—clearing, grubbing & road relocation 45,000

Subtotal

Contingencies at 15^

Subtotal

Engineering and administration at 15^

Subtotal

Interest during construction (2 years at 4^)

Total first cost of dam and reservoir $1,373,000

i The annual cost of operation, maintenance, and
general expense of the distribution system would probably

I
be slightly over one percent of the first cost or about

:
$9,000. The present worth of these annual expenditures

;
would be about $190,000. The separable conservation costs

I

on a present worth basis would total $1,521,000.
i

Recreation Costs . The estimated capital costs
1 of providing specific recreation facilities over the 50-
' year analysis period are shown by decades in Table 43. The
initial costs include the purchase of private land required
for the total recreation development.

i

'. The recreation demand indicates the need for
j
development of facilities to be completed during the decade

I 1990-2000. The costs of family camp units and family picnic
j

units include a pro rata share for sanitary facilities, water
systems. Interior roads and parking, campsite development.
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TABLE 42

ESTIMATED CAPITAL COST OF OAKHURST-SOQUEL
PROJECT DISTRIBUTION SYSTEM

(Based on Prices Prevailing In I965)

Item ; Capital Costs

Oakhurst-Ahwahnee Diversion and
Pipeline:

Diversion dams $ 40,000
Pipeline 298,000
Pipeline appurtenances 6,000

$344,000

2. Bass Lake-China Creek-Coarsegold
Diversion and Pipeline:

a) Diversion dam $ 20,000
[h) Pipeline 260,000
c) Pipeline appurtenances 4,000

$284,000

3. North Fork-South Fork Pipeline:

a) Manzanita Lake Diversion $ 10,000
h) Pipeline 30,000
c) Pipeline appurtenances 2,000

$ 42,000

Subtotal $670,000

Contingencies @ 15^ 100,000

Subtotal $770,000

Engineering and Administration @ 15^ 116,000

Total first cost of project
distribution system $886,000

barriers, signs and a kiosk. The group camp unit cost is
based on a unit consisting of I6 tent sites, 7 stoves, 1

barbecue pit, 8 tables, 1 campflre circle, and a pro rata
share of the items mentioned above without picnic or campsite
development.

The California Division of Beaches and Parks has
found that the annual operation and maintenance costs of
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TABLE 43

ESTIMATED CAPITAL COSTS OF RECREATION FACILITIES BY DECADES
OF THE OAKHURST-SOQUEL PROJECT

(Based on Prices Prevailing in I965)

Type of Facility ; 1970 ;1970-1980:1980-1990;1990-2000

Family camp units $1,275,000 $720,000 $ 825,000 $600,000

Family picnic units
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The primary purposes of the project would be
production of hydroelectric energy, development of recrea-
tion facilities, enhancement of fisheries, and development of
additional Irrigation supplies for the valley floor. A
combined gross storage capacity of 221,500 acre-feet would
regulate streamflows and provide releases on a power schedule
through 10 miles of tunnels, pipelines, and penstocks, and
through powerplants having a combined dependable capacity of
191,000 kilowatts.

The recreation potentials of the proposed Jackass
Meadow and Chlqulto Reservoirs are considered to be qood.
Jackass Meadow with 2,020 acres of water surface and Chlqulto
with 5^0 acres of water surface would be located In moderate
to densely timbered regions of the Sierra National Forest,
with large adjacent areas available for camping, picnicking,
hiking, -and other outdoor pursuits. During the summer, the
water surfaces of these proposed reservoirs would remain
fairly near to the normal pool In all but the driest years.

Benefits accruing from power production are esti-
mated to be $5,890,000 annually. Benefits to be derived from
recreation, water conservation and fishery enhancement,
although believed to be considerable, were not assigned a
monetary value. No determination was made of the detrimental effects
of the project on fish and wildlife. Costs of all project features (not
including recreation facilities) are estimated to be *A, 730,000 annually.
This indicates a benefit-cost ratio of about l.?5 to 1 withour considering
benefits other than power. The project is economically justified, but fvirther

studies wo\ild be required to determine the extent to which the various functions
should oe incorporated.

Location and Accessibility

The Jackass Meadow Reservoir site is on Jackass
Creek at a streambed elevation of 6,900 feet, and the
Chlqulto Reservoir site Is on Chlqulto Creek at an elevation
of 4,800 feet. Both streams are tributary to the San Joaquin
River. The Forks Reservoir site Is on the San Joaquin River
below the confluence of the South and Middle Forks. The
Miller Crossing Reservoir site Is on the Middle Fork San
Joaquin River below the confluence of the Middle and North
Forks. The streambed elevations at the Forks and Miller
Crossing Reservoir sites are 3,700 and 4,600 feet,
respectively.

The best route for access to the proposed project
area Is Forest Highway 100, also known as the Mammoth Pool
Road. Future extension of this road to Devils Postplle
National Monument Is planned, and the proposed road would be
known as the Minarets Summit Highway.
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The Jackass Meadow and Chiqulto Reservoir sites
are accessible from existing roads. Access roads would have
to be provided to the Forks and Miller Crossing Reservoir
sites. North Fork Diversion Dam site. East and West Fork
Granite Creek Diversion Dam sites and the Squaw Dome and
Forks Powerplant sites.

Plans for Development

The proposed plan for development is illustrated
in Figure 1 and on Plates 19 and 20. The runoff from Iron
Creek would be diverted by a small concrete gravity dam and
conveyed to a small reservoir formed by a concrete gravity dam
on the North Fork San Joaquin River. From this reservoir the
combined flows of Iron Creek and the North Fork San Joaquin
River would be conveyed by a 10.7-foot-diameter unlined horse-
shoe tunnel to a point beneath the East Fork of Granite Creek
where the flows from the East Fork Granite Creek would be
introduced to the tunnel by means of a diversion dam and
vertical borehole. From this point the tunnel would be 12.2
feet in diameter, and the combined flows would be conveyed by
tunnel and pipeline to a diversion reservoir on the West Fork
of Granite Creek. From this reservoir a l4.3-foot-diameter
unlined horseshoe tunnel would convey the combined diversions
to Jackass Meadow Reservoir.

Jackass Meadow Reservoir would provide 95*000 acre-
feet of storage to regulate both the imported flows and the
natural flows of Jackass Creek. From Jackass Meadow Reservoir
releases would be made on a power demand schedule through
tunnel, pipeline, and penstock to a proposed 85,000-kilowatt
Jackass Unit of a proposed Squaw Dome Powerplant (see
Figure 1). The proposed Jackass unit would be one of the
highest head plants (2,871 feet effective head) in the world.
Discharge would be into the Middle Fork of the San Joaquin
River upstream from the proposed Forks Reservoir. Releases
from Jackass Meadow Reservoir would be made at the dam into
Jackass Creek for the maintenance, and possible enhancement,
of the fishery on Jackass Creek.

A proposed dam at Miller Crossing impounding a
maximum of 63>000 acre-feet of water would regulate the flows
of the Middle Fork of the San Joaquin River. Releases would
be made for the maintenance of the fishery on the Middle Fork
San Joaquin River and for power. Releases for the production
of power would be through a 15.3-foot-diameter unlined horse-
shoe tunnel 19,800 feet long, and a penstock to the proposed
52,000-kilowatt Miller Crossing Unit of the Squaw Dome Power-
plant. From the powerplant the water would discharge into the
Middle Fork of the San Joaquin River.

The power releases from Miller Crossing and Jackass
Meadow Reservoirs, and the uncontrolled runoff from the South
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FIGURE I
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Fork of San Joaquin River, would flow Into and be regulated by
the proposed 28,500-acre-foot Forks Reservoir. Releases from
the Forks Reservoir would be made through a 17.2-foot-diameter
unllned horseshoe tunnel, 19*800 feet In length, and a penstock
to the proposed 54,000-kilowatt Forks Powerplant. From the
powerplant the water would flow into Mammoth Pool Reservoir.

Chiquito Reservoir, with a gross capacity of 35*000
acre-feet, would develop 24,000 acre-feet of safe annual yield,
which would be released from the dam into Chiquito Creek. The
cost of developing power between Chiquito Reservoir and Mammoth
Pool Reservoir would nrobably not be justified. Chiquito Reservoi
site has a good recreation and fishery potential, and power benefits from
existing powerplants below Mammoth pool would provide benefits in excess
of the costs of Chiquito Reservoir.

Consideration of Alternatives

A total of twelve basic plans and several variations
of the twelve plans were investigated before adopting the de-
velopment plan presented herein. An attempt was made to give
due consideration to recreation and fish and wildlife benefits
and/or detriments. Various proposals were discussed with per-
sonnel of the Sierra National Forest (For example, an attempt wasmad*

to include a smaller reservoir at the Jackiss Ifeidows site because it

would probably be less detrimental to wildlife, '^he magnitude of powe!

benefits of the large Jackass Meadows Reservoir, however, appeared to

outweigh detrimental effects.) Project feasibility studies, including

rather extensife recreation and fish and wildlife studies, might requii

modifications of the proposed project."

Effects on Existing Development

Existing developments that would be affected by the
proposed Upper San Joaquin River Project are the Southern
California Edison Company's power development on the San
Joaquin River, the Pacific Gas and Electric Company's Kerckhoff
Reservoir and Powerplant, and the U. S. Bureau of Reclamation's
Mlllerton Lake.

The Southern California Edison Company has an ex-
tensive power development on the San Joaquin River and its
tributaries. The development was initiated in 1913J/when Big
Creek No. 1 and Big Creek No. 2 powerplants were constructed,
and since then has been expanded. In 1959.5^ the latest addi-
tion. Mammoth Pool Reservoir and Powerplant, was completed. Th

1/ Federal Power Commission, "Hydroelectric Plant Construction
"" Cost and Annual Production Expenses , 1961

2/ Ibid.
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system has six storage reservoirs having an aggregate storage of
559,000 acre-feet^ and seven powerplants having a combined name
plate generating capacity of 584,900 kilowattsiP. Forty-two
miles of tunnels convey water from diversion dams and storage
reservoirs to the powerplants 5/.

The Upper South Pork of the San Joaquin River and Big
Creek drainage basins have been extensively developed for power
while the main stem above Mammoth Pool Reservoir and the Middle
and North Porks remain undeveloped. The Upper San Joaquin River
Project as proposed herein would develop these resources of the
San Joaquin River above Mammoth Pool Reservoir. Pigure 2 is a
map showing the existing (1965) development of the San Joaquin
River by the Southern California Edison Company, Pacific Gas and
Electric Company and the U. S. Bureau of Reclamation. Also
shown is the Upper San Joaquin River Project as proposed in this
report

.

The proposed Upper San Joaquin River Project would
have a direct effect on three of Southern California Edison
Company's powerplants on the main stem of the San Joaquin River.
These are the Mammoth Pool, Big Creek No. 3 and Big Creek No. 4
Powerplants, in order of decreasing elevation. Also directly
affected would be Pacific Gas and Electric Company's Kerckhoff
Powerplant, the lowermost powerplant on the San Joaquin River.

Mammoth Pool with an active storage of 120,000 acre-
feet only partially regulates the estimated 875*000 acre-feet
of mean annual inflow. Additional upstream reservoirs would
conserve some of the snowmelt runoff which would spill during
the spring months of normal and wet years, thereby increasing
the energy output of downstream powerplants; furthermore, the
additional storage would provide carry-over water to dry years
which would increase the dependable capacity of downstream
powerplants

.

Regulation by the proposed project would also benefit
the U. S. Bureau of Reclamation's Millerton Lake operation where
releases are made primarily on an irrigation schedule. During
wet years, spills would be reduced resulting in an increase of
Class 2 water; and during dry years, project releases would
provide additional Class 1 water. There would be no increases
in project storage during subnormal runoff years to reduce

3/ "Operating Contract Relating to Southern California Edison
Company's Mammoth Pool and Existing Projects on the San
Joaquin River", executed September 23, 1957.

4/ Federal Power Commission, "Hydroelectric Plant Construction
Cost and Annual Production Expenses", 196I.

5/ Journal of the Power Division, Proceedings of the American
Society of Civil Engineers, Paper 4o87, Unlined Tunnels
of the Southern California Edison Co.", October 1964.
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Inflow to Mlllerton Lake. Feasibility studies should consider
bhe points of view of the U. S. Bureau of Reclamation, Southern
[California Edison Company, and Pacific Gas and Electric Company,
and evaluate the effect the proposed project would have on these
agencies

.

yiajor Project Features

This section contains descriptions and design consid-
erations of the physical features of the proposed Upper San
Joaquin River Project. These are described in separate groupings
according to type of feature: (l) diversion dams and reservoirs,
(2^ storage dams and reservoirs, (3) tunnels and conduits, and
(4) powerplants and penstocks.

Diversion Dams and Reservoirs . Approximately 75 per-
cent of the runoff from the streams in the project area occurs
f2?om snowmelt from April throiogh July. The U. S. Geological
Survey records for the "Granite Creek Near Cattle Mountain" and
the "North Fork San Joaquin River Below Iron Creek" stations show
that peak mean daily flows, except on rare occasions during rain-
floods, occur during the April through July snowmelt period;
these snowmelt flows, therefore, were used in determining diver-
sion dam and tunnel sites.

The diurnal fluctuations in streamflow discharge from
snowmelt were analyzed. A copy of the recorder chart of "Granite
Creek Near Cattle Mountain" for the period from April through
July 1962 was obtained from the U. S. Geological Survey. The
peak instantaneous flow on a given day during the snowmelt period
was observed to be as great as 180 percent of the mean daily flow.
The diversion tunnels as proposed are relatively long and expen-
sive; therefore, economic analyses were made which indicated that
it would be much less expensive to provide enough storage to regu-
late the daily fluctuations in streamflow at the diversion dams
than to enlarge tunnels to carry I80 percent of the mean daily
flow.

Diversion dams were sized to provide storage to trans-
late daily fluctuations into constant flows, and tunnels were
sized to divert and convey the mean daily flow. Preliminary de-
signs were based on flows which occurred durring the moderately
dry year of 1958-59 (60 percent of normal at Granite Creek and 68
percent of normal at North Pork San Joaquin River) . Brief studies
indicated this to be approximately the economical size. Some of
the physical characteristics of features of the proposed diversion
dams and reservoii»s are shown in Table 45.

The proposed diversion dams on Iron Creek, North Fork
San Joaquin River, and East Fork Granite Creek would be the con-
crete gravity type with an ungated ogee ove2?pour section. The
streambeds are in unweathered granite, and no construction
problems are likely to be encountered. The topographic maps
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available for the diversion damsltes are at such a small
scale that estimates of quantities of concrete in the dams
and estimates of the storage capacities of the reservoirs are
only approximate; however, in the cost estimates, allowance
is provided for adverse conditions.

The West Fork Granite Creek Diversion Dam would be
a rockfill type with an impervious core. It would be more
economical than the concrete gravity type because a chute-
type spillway could be constructed in a saddle south of the
right abutment.

Storage Dams and Reservoirs . The runoffs from
streams flowing into the proposed storage reservoirs follow
a pattern that is typical of streams in the high Sierras.
Annual runoff varies widely from the estimated long-term
( 1907 -08 through I96I-62) mean. At Chiquito Dam site it
ranges from 25 percent (1930-31) to 230 percent (1937-38).
and at Miller Crossing it ranges from 3^ percent (1923-24)
to 198 percent (1937-38) of the mean. During a typical water
year, about 75 percent of the annual runoff is from snowmelt
during April through July.

Because of the wide variation of streamflow,
storage reservoirs are necessary to provide a dependable
supply of water for power and other purposes.

The unimpaired mean annual runoff at the Miller
Crossing site is estimated to be 436,000 acre-feet. With
the project as proposed, an average of about 80,000 acre-
feet would be diverted annually from the North Fork San
Joaquin River into Jackass Reservoir, leaving an average of
about 356,000 acre-feet at Miller Crossing.

Storage costs are relatively high at the Miller
Crossing site because of topographic conditions, and the
amount of head available for power can be considered as
moderate (less than 8OO feet). Studies indicate that it
would not be economical to provide carryover storage from
one water year to the next, and that the economical amount of
storage would be approximately the amount necessary to provide
project water during the eight-month historical dry periods
from July through February in 1928-29 and 1929-30. The
five-month dry period from July through November in 1931 would
show a comparable reservoir storage requirement.

The mean annual inflow to the proposed Jackass
Meadow Reservoir from the North Fork San Joaquin River and
Granite Creek diversions, and from the natural flow of Jackass
Creek, is about l80,000 acre-feet. Storage costs at Jackass
Meadow would be less than at Miller Crossing, and a higher
head is available for power (more than 2,800 feet). Storage
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would be provided to carry through a longer critical dry-

period than for the proposed Miller Crossing site, and a
larger percentage of reservoir inflow would be developed as
dependable yield. Storage was provided to meet power re-
quirements during the 19-month critical dry period from
July 1930 through January 1932. Additional storage at Jackass
Meadow to give additional yield over a longer critical period
would not be economically Justified.

Storage costs at the Porks Reservoir site are
higher than at the Miller Crossing site and the head available
for power is less; therefore, comparatively less storage would
be Justified. Because of topographic conditions, storage
costs rise sharply when storage exceeds 28,500 acre-feet.
Studies Indicate this capacity to be about the economic
optimum.

At the Chiquito Reservoir site the required
storage for streamflow regulation over the 19-month critical
dry period from July 1930 through January 1932 coincides with
favorable topographic conditions. The potential of surrounding
lands for recreational development for this amount of storage
is also favorable. Reconnaissance estimates indicate that
these conditions establish the amount of economic storage.

On the basis of the design considerations described
previously, the following amounts of storage are proposed
at the four storage sites: (l) 95^000 acre-feet at Jackass
Meadow, (2) 63,000 acre-feet at Miller Crossing, (3) 28,500
acre-feet at Porks, and (4) 35*000 acre-feet at Chiquito.
The following paragraphs descri e the physical characteristics
of these dams and reservoirs in more detail.

Jackass Meadow Dam . Jackass Meadow Dam would
be located on Jackass Creek in Sections 23 and 24 of Town-
ship 5 South, Range 24 East, MDB&M, at a strearabed elevation
of 5,846 feet (see Plate 21). Three auxiliary dams would be
required to raise the water surface to an elevation of 6,991
feet and to provide a gross storage of 95,000 acre-feet.

A preliminary geologic investigation indicates that
the main damsite and the three auxiliary damsites are suitable
for either a rockfill-type dam with an impervious core or a
modified homogeneous earthfill type; furthermore, sufficient
material for the dam embankments is available in the vicinity
of the damsite. Impervious material occurs in the form of
decomposed granite, and pervious material can be quarried from
unweathered granitic rock. Preliminary designs and cost
estimates indicate that modified homogeneous earthfill would
be the more economical type of dam.

The proposed chute-type spillway would be located
on the right abutment of the main dam near Jackass Butte.
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The probable maximum flood would have a peak inflow of 12,000
second-feet from the 12.8 square miles of watershed. Because
of the large water surface area of the reservoir (over 2,000
acres at the elevation of the spillway crest) the flood peak
from the watershed would be reduced to an outflow of
1,580 second-feet. In designing the spillway it was assumed
that the inflow from the North Fork of the San Joaquin River
and Granite Creek Diversions would be at the maximum of 1,100
second-feet, resulting in a peak spillway discharge of 2,680
second-feet. The spillway was designed to pass this peak
discharge with 3.2 feet of freeboard below the crest of the
dam.

The Jackass Meadow Reservoir site is of gentle
relief and is heavily timbered except in the meadow areas.
The proposed reservoir would have a relatively large water
surface area (2,020 acres at normal pool elevation) compared
with other power reservoirs in the Sierra Nevada and would
be relatively shallow, having a maximum drawdown from normal
to minimum pool of 75 feet. Storage operation studies indi-
date that in moderately di^y years, such as 1928-29 and
1929-30, the drawdown from normal pool by September 1 would
be only about 10 feet, and in years with normal runoff the
September 1 drawdown would be about 5 feet. These conditions
present an extremely favorable situation for development of
shoreline recreation facilities.

It is anticipated that there would be only a small
net loss of water due to evaporation because evaporation
from the proposed water surface would not be much greater
than present evapotranspiration at the densely forested
reservoir site.

Plate 21 presents the plan, profile, and maximum
section of the proposed Jackass Meadow Dam, Table 46 lists
information on the gneral features of the proposed dam and
reservoir, and Table 47 lists the storage characteristics of
the proposed reservoir.

Miller Crossing Dam . Miller Crossing Dam
would be located on the Middle Fork San Joaquin River in the
northeast quarter of Section 11, Township 5 South, Range 25
East, MDB&M. Streambed elevation at the damsite is 4,600 feet,
feet, and the gross storage proposed for regulation of stream-
flow Is 63,000 acre-feet.

A reconnaissance geological survey indicates the
type of dam to be considered is limited by the availability
of embankment materials. Pervious material in the form of
unweathered granite is available in large quantities nearby,
but impervious material is lacking. For these reasons the
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TABLE 46

GENERAL FEATURES OF THE PROPOSED
JACKASS ^4EAJD0W DAM AMD RESERVOIR

Features
Aiixiliary: A-uxiliary: Aiixiliary:

Dam Mo. l:Dam No. 2: Dam No. 3: Main Dam

Dam

Type
Elevation of streambed or

natural ground, in feet
Crest elevation, in feet
Crest height above streambed

in feet
Crest length, in feet
Crest width, in feet
Slopes: Upstream face

Downstream face
Volume of fill, in cubic yards

Spillway

Type
Crest elevation, in feet
Crest length, in feet
Freeboard above crest, in feet
Probable maximum flood peak

outflow, in second-feet

Reservoir

earthfill earthfill earthfill earthfill
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TABLE 47

AFIEAS AND CAPACITIES OF
PROPOSED JACKASS MEADOW RESERVOIR

Depth of Water,
in Feet



type of dam selected Is rockfill with a concrete face similar
to the Pacific Gas and Electric Company's Wishon and
Courtright Dams.

The proposed chute-type spillway with an ungated,
ogee overpour crest would be located in the right abutment.
The type and location of spillway was selected because of
topographic conditions. The spillway would require a large
amount of excavation; however, the excavated material would
be competent unweathered granitic rock suitable for inclusion
in the dam embankment.

The spillway, 300 feet long, would pass 100,000
second-feet (the estimated peak discharge from the probable
maximum flood) with three feet of freeboard below the crest
of the dam.

During construction of the dam embankment, stream-
flow would be diverted through a 19-foot-diameter lined
horseshoe tunnel beneath the right abutment. This tunnel
would subsequently be used as the first section of the power
tunnel as well as a conduit for releases to the stream below
the dam for the maintenance and/or enhancement of the river
fishery.

Except for about 100 acres of flat land Just up-
stream from the damsite (indicated as Pine Plat on U. S.
Geological Survey maps), the topography of the Miller Crossing
Reservoir site is of sharp relief. At normal pool elevation
all the relatively flat areas in the reservoir site would
be inundated and the shoreline would be mostly of steep,
unweathered granite with very little timber cover. The
proposed reservoir vrould provide little opportunity for the
development of recreation facilities.

Plate 22 presents the plan, profile, and maximum
section of the proposed Miller Crossing Dam, Table 48 lists
information on the general features of the proposed dam and
reservoir, and Table 49 lists the storage characteristics of
the proposed reservoir.

Forks Dam. Porks Dam would be located on the
San Joaquin River about one-quarter mile downstream from the
confluence of the South amd Middle Forks of the San Joaquin
River near the center of Section 4, Township 6 South,
Range 25 East, MDB&M. Streambed elevation at the damsite
is 3*700 feet, and the proposed 270-foot dam would impound
28,500 acre-feet of water.

The proposed reservoir would receive the regulated
releases from Jackass Meadow and Miller Crossing Reservoirs
and the natural runoff from 135 square miles of undeveloped
watershed.
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TABLE 48

GENERAL FEATURES OP THE PROPOSED
MILLER CROSSING DAM AND RESERVOIR

Feature i
Description

Dam

rp pg Rockfill with
concrete face

Elevation of streambed, in feet
zt'oo?

Crest elevation, in feet ooc
Crest height above streambed, in feet io
Crest length, in feet 'In
Crest width, in feet

n o n

Slopes: Upstream face 1:1^ Z'z'i;
and 1.3:1

Downstream face 1.4:1

Volume of fill, in cubic yards I,9o2,b00

Spillway

fi-oa-t- ^ipvahinn. in feet '^jy'^DCrest elevation, in feet
Crest length, in feet
Freeboard above crest, in feet
Probable maximum flood peak outflow,

in second-feet

Reservoir

300
20

100,000

Storage capacity at minimum pool,
in acre-feet 3,uuu

Storage capacity at normal pool,
in acre-feet ^'

on
Surface area at minimum pool, in acres

g^
Surface area at normal pool, in acres "^P^

Water surface elevation at minimum pool,

in feet ^'^50

Water surface elevation at normal pool,

in feet ^'905

Drainage area, in square miles -^-^^

167



TABLE 49

AREAS AND CAPACITIES OF
PROPOSED MILLER CROSSING RESERVOIR

Depth of Water,
In Feet



No geologic survey was made of the Porks Dam site.
Aerial photographs taken by the Department, to a scale of
one inch equals 1,500 feet. Indicate that the abutments at
the damsite are unweathered granite with the possibility of
minor amounts of talus on the lower right abutments; and
that moderate amounts of streambed deposits may be expected
in the channel section. Because knowledge of the geology
is uncertain, cost estimates of the proposed dam include
allowances for unforeseen contingencies.

There appear to be no substantial quantities of
impervious fill material in the vicinity of the proposed
dam; however, large amounts of pervious material in the form
of unweathered granitic rock are near the damsite. The
availability of material indicates that a rockfill dam with
a concrete face would be the best phoice.

Topographic conditions are very favorable for a
spillway to be located in a saddle south of the left abutment.
A natural re-entry to the river would return spills to the
river channel approximately 1,000 feet downstream from the
axis of the dam. The spillway would have a 450-foot ogee
weir overpour crest and would discharge the estimated 150,000
second-foot peak outflow of the probable maximum flood with
three feet of freeboard below the crest of the dam.

During construction of the proposed dam embankment
streamflows would be diverted by a 22-foot-diameter lined
horseshoe tunnel beneath the right abutment. This tunnel
would later be used to house the river and power tunnel
outlet works.

At normal pool elevation the small amount of
relatively flat land in the reservoir site would be Inundated
and the shoreline would be of precipitous unweathered granitic
rock with virtually no vegetative cover. Recreation potential
appears to be poor. Plate 22 presents the plan, profile, and
maximum section of the proposed Forks Dam, Table 50 lists
information on the general features of the proposed dam and
reservoir, and Table 51 lists the storage characteristics of
the proposed reservoir.

Chiquito Dam . Chiquito Dam would be located
on Chiquito Creek in the southwest quarter of Section 8 and
the northwest quarter of Section 17, Township 6 South,
Range 24 East, MDB&M. The gross storage proposed for regula-
tion of streamflow is 35,000 acre-feet.

A preliminary geological reconnaissance survey
indicates that the site is suitable for either a rockfill
dam with an impervious core or a modified homogeneous earth-
fill dam. The abutments are of massive, unweathered granite.
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TABLE 50

GENERAL FEATURES OF THE PROPOSED
FORKS DAM AND RESERVOIR

Feature !
Description

Dam

Type Rockfill with
concrete face

Elevation of streambed, in feet 3,680
Crest elevation, in feet 3,950
Crest height above streambed, in feet 270
Cresf length, in feet 590
Crest width, in feet 20
Slopes: Upstream face 1:1, 1.2:1,

and 1.3:1
Downstream face 1.4:1

Volume of fill, in cubic yards 790,700

Spillway

Type Concrete over-
pour

Crest elevation, in feet 3,930
Crest length, in feet 500
Freeboard above crest, in feet 20
Probable maximum flood peak outflow,

in second-feet 150,000

Reservoir

Storage capacity at minimum pool,
in acre-feet 2,500

Storage capacity at normal pool,
in acre-feet 28,500

Surface area at minimum pool, in acres 6o
Surface area at normal pool, in acres 290
Water surface elevation at minimum pool,

in feet 3,77^
Water surface elevation at normal pool,

in feet 3,930
Drainage area, in square miles 85O
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TABLE 51

AREAS AND CAPACITIES OF
PROPOSED FORKS RESERVOIR

Depth of Water,
in Feet



Impervious material In the form of decomposed granite and
pervious material in the form of unweathered granitic rock
are available in adequate quantities near the damslte.
Studies indicate that a rockfill dam with an impervious core
would be the more economical because the flatter upstream
slope of a modified homogeneous earthfill would extend the
upstream portion of the dam to a widened section between
abutments and require considerably more embankment material.

The Chlqulto Dam site has almost ideal topographic
and geologic conditions for the spillway. The right abutment
of the dam would be at about the same elevation as the dam
crest, and the stream curves about l80 degrees around the
right abutment. The right abutment is of massive unweathered
granitic rock which would be very resistant to the erosive
effect of water flowing at high velocities. Very little ex-
cavation for the spillway would be required, and a small re-
taining wall at the right end of the dam would direct spills
over the abutment into the streambed below the dam. A small
concrete ogee weir section would top the entire length
(450 feet) of the overpour section. The spillway would dis-
charge the estimated 48,000-second-foot peak outflow from
the probable maximum flood with three feet of freeboard
below the crest of the dam.

During construction the stream would be diverted
through an eight-foot-diameter horseshoe tunnel beneath the
right abutment. The diversion tunnel would subsequently be
used to house the outlet works.

The Chlqulto Reservoir site is comparatively flat
and moderately timbered. With the normal pool elevation
as proposed, large areas around the shoreline would be
suitable for the development of camping and picnicking
facilities. A larger reservoir would Inundate most of these
areas.

Plate 23 presents the plan, profile, and maximum
section of the proposed Chlqulto Dam, Table 52 lists informa-
tion on the general features of the proposed dam and reservoli
and Table 53 lists the storage characteristics of the proposec
reservoir.

Tunnels and Conduits . Separate criteria were used
in making preliminary designs of diversion and power tunnels
and conduits. These diversion facilities, in conjunction
with the diversion dams and reservoirs, would divert the
natural runoff of Iron Creek, the North Fork San Joaquin
River, East Fork Granite Creek, and West Fork Granite Creek
into Jackass Meadow Reservoir. The power tunnels and conduits
would convey water from the reservoirs (Jackass Meadow,
Miller Crossing, and Porks) to the penstocks for power
development.
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TABLE 52

GENERAL FEATURES OF THE PROPOSED
CHIQUITO DAM AND RESERVOIR

Feature I
Description

Dam

Type Rockfill,
impervious core

Elevation of streambed, in feet ^,790
Crest elevation, in feet 4,960
Crest height above streambed, in feet 170
Crest length, in feet 1,090
Crest width, in feet 4o
Slopes: Upstream face 2:1

Downstream face 2:1
Volume of fill, in cubic yards 881,000

Spillway

Type Chute
Crest elevation, in feet 4,948
Crest length, in feet 450
Freeboard above crest, in feet 12
Probable maximum flood peak outflow,

in second-feet 48,000

Reservoir

Storage capacity at minimum pool, in
acre-feet 5,000

Storage capacity at normal pool, in
acre-feet 35,000

Surface area at minimum pool, in acres 95
Surface area at normal pool, in acres 5^0
Water surface elevation at minimum pool,

in feet 4,877
Water surface elevation at normal pool,

in feet 4,948
Drainage area, in square miles 38
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TABLE 53

AREAS AND CAPACITIES OF
PROPOSED CHIQUITO RESERVOIR

Depth of Water,
in Feet



Both types of tunnels (diversion and power) would
be unllned horseshoe sections. Tunneling conditions are
expected to be good along the routes of the proposed tunnels.
The proposed power tunnels would be entirely in granitic
rock. The diversion tunnels would be in both granitic and
metaiiiorphic rock. Experience by the Southern California
Edison Company has shown that this type of tunnel performs
well, requires very little maintenance, and costs substantially
less than those of lined sectlons2/. It is conservatively
estimated that approximately five percent of the length of
the proposed tunnels, excluding the portals, would require
lining.

Diversion Tunnels and Conduits . Diversion
tunnels and conduits would be sized to convey the maximum mean
daily -flows which are estimated to have occurred during the
1958-59 water year. These mean daily flows are estimated to
have been as follows: (1) 100 second-feet at Iron Creek
Diversion; (2) 400 second-feet at North Fork San Joaquin River
Diversion; (3) 250 second-feet at East Fork Granite Creek
Diversion; and (4) 35O second-feet at West Fork Granite Creek
Diversion. The accumulation of diversions resulted in estimated
capacities of 100 second-feet from Iron Creek to North Fork
San Joaquin River, 5OO second-feet from there to East Fork
Granite Creek, 750 second-feet from there to West Fork Granite
Creek, and 1,100 second-feet from there into the proposed
Jackass Meadow Reservoir.

A conduit would be provided to convey flows in a
1,600-foot reach between the East and West Forks of Granite
Creek where the topography is such that an Inverted siphon
would be required. Although no reconnaissance geological
survey was made of the conduit route, it appears that either
reinforced concrete pipe or steel pipe would be suitable.
The pipe would have to be burled to prevent freezing during
the winter. The topography along the route of the proposed
conduit is flat and heavily timbered. Indicating a good soil
cover; therefore, a large amount of rock excavation is not
likely to be required.

Power Tunnels and Conduits . Power tunnels would
have the same physical structure (unllned horseshoe) as the
diversion tunnels. The economical size was estimated from
considerations of the yield of the reservoir, the value of
power and the costs of tunnel and penstock (including the

6/ Journal of the Power Division, Proceedings of the American
Society of Civil Engineers "Unllned Tunnels of the
Southern California Edison Company", Paper 4o87, October
1964.
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value of losses of head through the power conduit).
Preliminary designs of power facilities were based on an
estimated future economic demand for project power In the
general 30-percent portion of the load curve. The proposed
Forks power tunnel and penstock capacities were determined
from the estimated dependable yield of the 28,500-acre-foot
reservoir and a 30-percent annual capacity factor.

The combined Jackass and Miller Units of the Squaw
Dome Powerplant would be capable of producing the required
minimum kilowatt-hours per kilowatt of dependable capacity;
however, it was found economically advantageous to unbalance
the capacity factors of the two units.

The annual dependable yield for power of the
proposed Miller Crossing Reservoir is relatively small
(133,000 acre-feet^ compared with the mean annual inflow
(356,000 acre-feet). As stated previously, the high cost
of storage at the Miller Crossing site limited the economical
amount of storage and therefore limited the yield. If tunnel
and penstock sizes were based on the dependable annual yield
and a 30-percent capacity factor, the maximum monthly release
for power would be 36,500 acre-feet, and the dependable gen-
erating capacity would be 35*000 kilowatts. Studies indicated
that under this condition spills would occur during years
when the runoff exceeds 60 percent of normal. Further studies
indicated that it would be economically advantageous to size
the power facilities 50 percent larger. This corresponds
to sizing at a 20-percent annual capacity factor. The
maximum monthly power release would then be 55,000 acre-feet
and the installed generating capacity would be 52,000 kilo-
watts, which results in an average of I6 percent more usable
energy being produced.

At the proposed Jackass Meadow Reservoir, the annual
dependable yield for power is relatively large (106,000 acre-
feet) compared with the mean annual inflow (l80,000 acre-feet),
Furthermore, extremes in annual inflow are not so pronounced
as at Miller Crossing because about 90 percent of the Inflow
is from diversions which bypass water during normal and wet
years. If tunnel and penstock sizes were based on the depend-
able annual yield and a 30-percent annual capacity factor,
the dependable generating capacity would be 102,000 kilowatts.
Studies indicate that power facilities could be reduced in
size with very little loss in usable energy. A reduction in
the powerplant installed capacity to 85,000 kilowatts results
in a decrease in the production of usable energy of only 0.2
percent. The decrease in installed capacity of the Jackass
Unit equals the Increase In installed capacity of the Miller
Unit.

Estimates indicate that the cost of Increasing the
size of the tunnel, penstock, and powerplant of the Miller
Unit of the Squaw Dome Powerplant as proposed is approximately
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equal to the saving by reducing the size of the tunnel,
penstock, and powerplant of the Jackass Unit. Thus an
appreciable amount of usable energy could be produced at no
Increase In project cost.

The Miller Unit, with a dependable capacity of
52,000 kilowatts operating at a 20-percent capacity factor,
and the Jackass Unit with a dependable capacity of 85,000
kilowatts operating at a 36-percent capacity factor, would
correspond to a dependable capacity of 137^000 kilowatts
operating at a 30-percent capacity factor.

Plate 19 shows the layout and the approximate
alignments of the proposed tunnels and conduits, and Plate 20
shows profiles of the tunnels and conduits indicating convey-
ance capacities, diameters, and lengths. Table 5^ presents
pertinent statistical Information regarding the proposed
tunnels and conduits.

Powerplants and Penstocks . Powerplant sizes were
determined from the reservoir yields and heads available
during critical dry periods and from annual plant capacity
factors indicated above. A further study at the feasibility
level may indicate that additional Installed capacity may be
economically Justified.

All the proposed powerplants in this reconnais-
sance level investigation would be housed in conventional
surface structures. A more detailed Investigation may
indicate that underground installations would be less costly.
The turbines at the proposed Miller Unit of the Squaw Dome
Powerplant and at the Porks Powerplant would be of the
Francis type. The turbines at the Miller Unit would have a
shallow setting because no increase In head would be gained
from a lowering of the water surface In the proposed Forks
Reservoir. On the other hand, the Forks turbines would have
a deep setting in order to utilize a significant increase in
head available at times when Mammoth Pool Reservoir is drawn
down.

The proposed Jackass Unit of the Squaw Dome Power-
plant would have impulse-type turbines. The average head of
2,871 feet would make the plant one of the highest head plants
In the world.

All the proposed penstocks In this reconnaissance
level investigation were considered to be of the conventional
surface type and to be of welded construction using ASTM A
285, Grade B, firebox quality steel. A more detailed investi-
gation may indicate that an economic advantage could be
attained with other types of construction, such as using
higher strength steel or placing penstocks underground.
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TABLE 5^

GENERAL FEATURES OP PROPOSED TUNNELS AND
CONDUITS OF THE UPPER SAN JOAQUIN RIVER PROJECT

Feature * Description

I. Diversion Tunnels and Conduits

A. Iron Creek to North Fork (Conduit)

Type Welded steel pipe
Diameter, In Inches 36
Length, In feet 1,700
Capacity, In second-feet 100

B. North Fork San Joaquin to East Fork
Granite Creek (Tunnel)"

Type Unllned horseshoe
Diameter, In feet 10.7
Length, In miles 5-^2
Capacity, in second-feet 5OO

C. East Fork Granite Creek to West Fork
Granite Creek (Tunnel and Conduit }"

Tunnel type Unllned horseshoe
Tunnel diameter, in feet 12.2
Tunnel length, in miles 0.8
Tunnel capacity, in second-feet 750
Conduit type Reinforced

concrete pipe
Conduit diameter, in feet 8.0
Conduit length, in miles 0.3
Conduit capacity, in second-feet 750

D. West Fork Granite Creek to
Jackass Meadow Reservoir (Tunnel)

Type Unllned horseshoe
Diameter, in feet l4.3
Length, in miles 3.15
Capacity, in second-feet 1,100
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TABLE 54 (Continued)

GENERAL FEATURES OF PROPOSED TUNNELS AND

CONDUITS OF THE UPPER SAN JOAQUIN RIVER PROJECT

Feature Description

Power Tunnels and Conduits

A. Jackass Meadow Reservoir to

Squaw Dome (Tunnel and Conduit )

Tunnel type
Tunnel diameter, in feet
Tunnel length, in feet
Tunnel slope
Tunnel capacity, in second-

feet
Conduit type

Conduit diameter, in feet
Conduit length, in feet
Conduit slope
Conduit capacity, in second-

feet

B. Miller Crossing Reservoir to

Squaw Dome (Tunnel)

Type
Diameter, in feet
Length, in feet
Slope
Capacity, in second-feet

C. Forks Reservoir to Mammoth Pool
Reservoir (Tunnel)

'

Type
Diameter, in feet
Length, in feet
Slope
Capacity, in second-feet

Unlined horseshoe
11.3

9,400
0.002

404
Reinforced

concrete pipe
8.0

2,300
0.002

404

Unlined horseshoe
15.3

19,800
0.002

918

Unlined horseshoe
17.2

19,800
0.002
1,245

Note: Manning's "n" values used in design are 0.035 for

unlined tunnels, 0.013 for reinforced concrete pipe,

and 0.011 for welded steel pipe.
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In estimating the required thickness of the pro-
posed penstocks the design head was considered to be 20
percent greater than the maximum static head, to allow for
surge

.

The proposed penstocks range in capacity and size
from 404 second-feet and 4.8 feet at the Jackass Unit of the
Squaw Dome Powerplant to 1,245 second-feet and 9.4 feet at
the Porks -Mammoth Pool power drop.

Plate 19 shows the locations of the proposed
powerplants and the approximate alignment of the proposed
penstocks, and Plate 20 shows a profile of the proposed
penstocks giving diameters, lengths, and carrying capacities.
Table 55 presents further statistical information.

Recreation
Chiquito and Jackass Meadow Reservoir sites would offer

good recreation opportunities; however, no studies have been made
of Miller Crossing and Forks Reservoirs. It appears that limited
access and steepness of surrounding topography would limit the
potentials at Miller Crossing and Forks. Further recreation studies
are needed to evaluate the recreation potentials of these proposed
reservoirs

.

Chiquito Keservoir . This reservoir would have
excellent recreation potential for several reasons: (l) The
reservoir would be at an elevation of 4,948 feet, thus
providing an ideal summertime climate. (2) Access to the
reservoir would be very good, since an existing paved two-
lane road passes within two miles of the reservoir site.
(3) The reservoir site is in a moderately timbered region of
the Sierra National Forest with approximately 400 acres of
relatively flat land surrounding the reservoir which would
be suitable for overnight camping and for picnicking.
(4) Under the proposed operation, the reservoir water surface
would be held at a very constant level throughout the recrea-
tion season, with about two feet of drawdown by the end of
September. (5) The watershed which contributes runoff to
the reservoir slopes to the south and averages about 7,000
feet elevation, resulting in an early snowmelt runoff. By
July the water near the surface would be warm enough to
make the proposed reservoir pleasant for swimming and water
skiing.

Jackass Meadow Reservoir . This proposed reservoir
would be at an elevation approximately 2,000 feet higher
than the proposed Chiquito Reservoir. Recreation potential
is considered to be excellent. Access to the site is good,
although not so favorable as access to the proposed Chiquito
Reservoir. Large areas above the northern shoreline are
relatively flat and heavily timbered and are therefore suit-
able for camping. Temperatures at night during the summer
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TABLE 55

GENERAL FEATURES OF PROPOSED POWERPLANTS AND
PENSTOCKS OP THE UPPER SAN JOAQUIN RIVER PROJECT

Feature .* Description

I. POWERPLANTS

Squaw Dome Powerplant (2 Units)

Combined Installed capacity
In kilowatts 137,000

Composite capacity factor during
critical dry cycle. In percent 30

Combined dependable capacity,
in kilowatts 137,000

Jackass Unit:

Turbine type Impulse
Overall unit efficiency. In percent . . 86
Installed capacity. In kilowatts .... 85,000
Average effective head during critical

dry cycle, in feet 2,871
Unit capacity factor during critical

dry cycle, in percent 36

Miller Unit:

Turbine type Francis
Overall unit efficiency, in percent . . 87
Installed capacity, in kilowatts 52,000
Average effective head during critical

dry cycle, in feet 772
Unit capacity factor during critical

dry cycle, in percent 20

Forks Powerplant

Turbine type Francis
Overall plant efficiency, in percent .... 87
Installed capacity, in kilowatts 54,000
Average effective head during critical

dry cycle, in feet 589
Capacity factor during critical

dry cycle, in percent 30
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TABLE 55 (Continued)

GENERAL FEATURES OF PROPOSED POWERPLANTS AND
PENSTOCKS OF THE UPPER SAN JOAQUIN RIVER PROJECT

Feature .* Description

II. PENSTOCKS

Squaw Dome Penstocks

Types Welded steel
Combined design capacities.

In second-feet 1,322

Jackass Unit:

Length, In feet 6,770
Average diameter. In feet 4.8
Design capacity. In second-feet . . . 4o4

Miller Unit:

Length, In feet 1,450
Average diameter. In feet 8.1
Design capacity. In second-feet . . . 918

Forks Penstock

Type Welded steel
Design capacity, in second-feet 1,245
Length, in feet 1,110
Average diameter, in feet 9.4

Note: Manning's "n" value of 0.011 was used in the design
of penstocks.
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may drop to 40 degrees Fahrenheit, but daytime temperatures
would be higher.

During the latter part of July and during August
of most years, releases would be made only for minimum power
requirements and for stream fisheries. Reservoir water
surface elevations would be fairly constant. The drawdown
would be about ten feet by September 1 during dry years and
about five feet during normal and wet years.

The reservoir water temperatures would be colder
than at the proposed Chiquito Reservoir. Although the water-
shed area contributing runoff to the reservoir slopes
southward, it is at extremely high elevations that range
from 7,000 feet at the reservoir to over 13,000 feet at
crest of the Ritter Range. Use of the reservoir for water-
contact sports would be for the more hardy individuals.

While the proposed reservoir would not be desirable
for water-contact sports, it should be popular for fishing
and boating. Because of the large, unobstructed water
surface area of the proposed reservoir, it should become
popular for sailboating, as is Huntington Lake.

Miller Crossing and Forks Reservoirs . To- ography and the
proposed storage oper'ition appear to be unfavof'able for recreation
developDient at the Miller Crossing and Forks Reservoir sties. The
proposed reservoirs would inimdate all the flat lands in the sites
leaving steep walls of unweathered granite rock with very little
vegetative cover as shorelines. Because the shorelines are steep,
the water surface areas would change little but water surface levels
would fluctuate widely during the recreation season. Additional
recreation studies will be necesrary to determine whether there are
appreciable recreation potentials at these sites.

Fish and Wildlife

This investigation has not included detailed
studies of the effect of the proposed Upper San Joaquin River
Project on fish and wildlife. Limited appraisals Indicate
that the effects would be detrimental in some instances and
beneficial in others.

The fisheries in the streams below proposed Jackass
Meadow and Chiquito Reservoirs could be enhanced because fish
releases would be greater than the natural flow of the streams
during the late summer and fall. Furthermore, the proposed reser-
voirs could provide substantial fisheries themselves.
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On the other hand, the proposed project would
probably be detrimental to the fisheries below the proposed
North Fork Diversion, Miller Crossing, and Porks Dam because
the existing stream flow would be reduced. A more detailed
study at the feasibility level should consider more thoroughly
the beneficial and detrimental effects of the proposed
project on the existing fisheries.

The proposed Jackass Meadow and Chiquito Reservoirs
would be on the migration route of the San Joaquin Deer Herd
and would alter the migration route. Conduits of the proposed
project would not interfere with the passage of wildlife
because the conduits would all be underground. Deer fawning
areas would be lost at the Jackass Reservoir site. A more
detailed study should be made at the feasibility level to
determine fully the effect of the proposed project on
wildlife, ard -to plai'x enhance me. lA-f -(-^a+u.r^S

Proposed Operation

Power releases from the proposed Jackass Meadow,
Miller Crossing, and Porks Reservoirs would be of sufficient
quantity to always meet the minimum power requirements given
in Table 56. Assuming a repetition of the runoff that
occurred during the period I907-O8 through 1961-52, releases
would be greater than necessary to meet the minimum require-
ments and secondary power would be produced in all years
except for the critical dry period.

Under the proposed operation, the reservoirs would
be drawn down below levels which would occur during the
critical dry period only when snowmelt runoff forecasts
indicate it would be safe. At Jackass Meadow Reservoir, where
it would be desirable to hold the reservoir water surface to
as constant a level as possible during the recreation season,
releases for primary power only would be made in July,
August, and September. At Porks and Miller Crossing Reser-
voirs, releases would be made for secondary power during July,
August, and September if it were considered advantageous.
Releases from all three reservoirs during October, November,
and December would be made for secondary power to the extent
that such releases would not result in less storage than
occurred during the same months of the critical dry period.
Releases during January, February, and March would be
influenced by snowmelt runoff forecasts, and secondary power
may or may not be produced. During most years, reservoir
storage would be at a minimum on the first of April in order
to reduce spills from the April through July snowmelt runoff.
This would result in a greater amount of secondary power
being produced. Tables k-5, A-6, and A-7 of Appendix A
show the proposed operations of Jackass Meadow, Miller
Crossing, and Porks Reservoirs during the critical dry period.
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TABLE 56

MINIMUI^ MONTHLY POWER REQUIREMENTS
AT A 30 PERCENT ANNUAL CAPACITY FACTOR

Minimum Requirements
Month Kilowatt Hours per Kilowatt : Percent of Annual

of Dependable Capacity ; Kilowatt Hours

October



The power releases shown in the tables for primary power
were based on average reservoir water surface elevations
during the critical dry period. Under actual operation,
the releases would be smaller when storage is greater than
average; conversely, the releases would be greater when
storage is less than average. A more complicated storage
operation did not appear to be justified in this reconnais-
sance investigation because experience has shown that there
would be only a small difference in estimated dependable
power.

Streamflow releases would normally be a minimum
of 600 acre-feet per month from Jackass Meadow Reservoir,
1,200 acre-feet per month from Miller Crossing Reservoir,
and 1,800 acre-feet per month from Forks Reservoir. During
a critical dry period, the releases would be reduced by 50
percent.

Releases from the proposed Chiquito Reservoir
would not be made directly to power facilities; therefore,
there is no need to release according to a power schedule.
Releases would be made into the stream below the dam from
where they would flow into Mammoth Pool Reservoir. Under
the proposed operation, 26,400 acre-feet would be released
during the four-month period from October through January of
each water year. Mammoth pool would always be drawn down
during this period and would be able to regulate the Chiquito
release for downstream power production. Releases in addi-
tion to fish requirements may or may not be made in February
and March, depending upon snowmelt runoff predictions. The
reservoir would fill during May or June in all but very dry
years such as 1923-24, 1930-31, 1933-34, and 196I-62. Only
fish releases would be made during the recreation season
from June through September. Some spill would occur during
normal and wet years in June and July because inflows would
exceed fish release requirements.

The proposed operation greatly enhances the recrea-
tion potential of the proposed Chiquito Reservoir because of
the constant water surface elevation during the recreation
season. The drawdown by October first due to evaporation and
fish releases would be only about two feet. Table A-8 of
Appendix A presents the proposed operation of Chiquito
Reservoir during the critical dry period.

Estimates were made of the average amounts of
energy that would be produced by the proposed project as-
suming the same historical flow that occurred during the 50-
year period from I907-O8 through 1956-57. The average amount
of energy produced would be 85I million kilowatt-hours an-
nually, and would range from 502 million kilowatt-hours in
1923-24 and 1930-31 to 1,138 million kilowatt-hours in 1937-
38. Table A-9 presents the estimated annual energy production
for the 50-year period from I907-O8 through 1956-57-
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Project Benefits

The proposed Upper San Joaquin River Project would
produce hydroelectric energy, provide recreation opportunity.
Increase the yield of dependable irrigation water, provide
stream releases for maintenance and enhancement of stream
fisheries, and provide other associated project benefits. A
reconnaissance level appraisal of these benefits is presented
in the following sections.

Power

Power benefits would be derived from the sale of
power produced in project powerplants and from increasing
the usable energy of existing downstream powerplants. The
dependable capacity of the existing downstream power develop-
ment would also be Increased by the release from storage in
project reservoirs, but this has not been evaluated.

Revenues from power sales are estimated from two
components: dependable generating capacity and usable energy
production. The project as proposed would have a dependable
capacity, at a 30-percent annual capacity factor, of 191,000
kilowatts and would produce an annual average of 85I million
kilowatt-hours of usable energy. The estimated annual produc-
tion of hydroelectric energy is shown in Table A-9 of
Appendix A.

The additional regulation of streamflow provided by
the proposed project would benefit existing downstream power
development in two ways. Studies indicate that spills will
occur at the existing Mammoth Pool Reservoir during the snow-
melt period of April through July in years when the natural
runoff of the San Joaquin River at Friant exceeds about
1,130,000 acre-feet. This quantity of runoff is exceeded in
42 years of the 55-year historical period from I907-O8 through
1961-62, or about 76 percent of the time. Under the proposed
project operation, spills would generally be eliminated at
Mammoth Pool during years when the natural runoff at Friant
was less than 1,750,000 acre-feet. Spills would be reduced
on the average by 196,500 acre-feet during years when the
natural runoff at Friant exceeded 1,750,000 acre-feet. An
estimated annual average increase of 106,000 acre -feet of
water would be made available for power below Mammoth Pool
because of the regulation provided by the 221,500-acre-foot
storage of the proposed project. This would produce an
additional 179 million kilowatt-hours of usable energy.

Increases in dependable capacities of existing
downstream powerplants were not Included as project benefits.
A more detailed study, at the feasibility level, should evalu-
ate this increase. The additional energy produced in down-
stream powerplants was estimated to have a value of 2.75 mills
per kilowatt-hour.
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The estimated power benefits are presented in
Table 57. The unit values used in estimated power revenues
were l6 dollars per year per kilowatt of dependable capacity
and 2.75 mills per kilowatt-hour of usable energy produced.



be If a more detailed investigation Is made. From a brief
examination, it appears that both benefits and detriments
would result from the proposed project.

Cost Estimates

The capital costs of project features were
estimated in the following manner: The costs of major
construction items were computed by multiplying the quantities
(as estimated in the preliminary designs) by the estimated
unit costs and adding 15 percent to allow for minor items
not estimated and for unforeseen construction difficulties,
A total, representing the construction cost, was thus
obtained. To the construction cost, 15 percent was added
to allow for engineering, legal, and administration costs,
and a new subtotal was obtained. To' this subtotal, interest
during construction was added to obtain the estimated
capital cost.

In estimating the cost of dams, the major
construction items considered were: (l) diversion of
streamflow during construction, (2) stripping of dam founda-
tion areas, (3) excavation of cut-off trench, (4) grouting
of foundation, (5) excavation of borrow material,
(6) hauling and placing of material for dam embankments,
(7) construction of spillway (including excavation, weirs,
and structures), and (8) construction of outlet works
(including excavation, structures, gates, and valves).

Major items considered in the cost of reservoirs
are clearing and grubbing, access roads, construction roads,
and relocation of existing roads.

In tunnel construction, major items Include exca-
vation quantities for the tunnels, adits, and. In the case
of power tunnels, surge chambers. Consideration was given
to tunnel size, distance between headings, and tunneling
conditions.

Penstock cost estimates were based entirely on the
weight of the penstock as computed from preliminary designs.
Pipeline costs were estimated by multiplying the length in
feet by the unit cost per lineal foot. Powerplant costs
were estimated from the installed capacities as determined
in the preliminary designs.

Unit costs used in estimating the cost of dams
and reservoirs were derived from recent bids on comparable
projects and from updating unit costs used in prior investi-
gations. Unit costs for tunnel excavation were taken from
curves prepared by the Department which were developed for
similar tunneling conditions. The unit costs were updated
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using U. S. Bureau of Reclamation cost indices to reflect
current costs. Unit costs for penstocks and powerplants
were derived in like manner. Pipeline unit costs were
derived from current construction bids with due considera-
tion given the remoteness and topography of the project area.

Table 58 presents a summary of the capital costs
of the proposed project features.

Estimates of annual cost of the proposed project
features were computed on the basis of four percent interest
and amortization over a 50-year period. Total annual costs
include amortization, replacement, operation and maintenance,
general expense, and insurance. Table 59 presents a summary
of the annual costs of the proposed project.

Comparison of Benefits and Costs

The upper San Joaquin Hiver Project is justified in that
the total annual power benefits were estimated to be S5, 890,000 and
the total annual costs were estimated to be $A, 730, 000 making- a

benefit-cost ratio of 1.25 to 1. The estimated power benefits inclu-
ded the increased Feneration of energy in existing powerplants
downstream from Mammoth Pool, but did not include possible power
benefits which would result from increasing the dependable capacity
of these powerplants.

Recreation, fishery enhancement, and possible conservation
benefits were investigated but were not evaluated.

The potential of this project for recreation, fish, and

wildlife enhancement, and increased conservation benefits indicates
that the project would bejustified with these project purposes
included.
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TABLE 58

SUMMARY OF ESTIMATED CAPITAL COSTS OF
THE PROPOSED UPPER SAN JOAQUIN RIVER PROJECT

(Based on Prices Prevailing In I965)

Item Item Cost: Total Cost

Diversion Dams

Iron Creek
North Fork San Joaquin River
East Fork Granite Creek
Unnamed Granite Creek Tributary-
West Fork Granite Creek

Subtotal, Diversion Dams

Storage Dams and Reservoirs

Jackass Meadow
Miller Crossing
Forks
Chiquito

Subtotal, Storage Dams and
Reservoirs

Tunnels and Conduits

Iron Creek-North Fork S.J.
River Pipeline

North Fork S.J. River to W. Pork
Granite Cr. Tunnel and Pipeline

West Pork Granite Creek-Jackass
Meadow Reservoir Tunnel

Jackass Meadow Res. -Squaw Dome
Tunnel and Pipeline

Miller Crossing Res. -Squaw
Dome Tunnel

Forks Res. -Mammoth Res. Tunnel

Subtotal, Tunnels and Conduits

6,900
687,700
27,500
6,900

129,300

$ 858,300

$8,818,000
9,933,000
6,319,000
2,5^1,000

$ 91,200

7,061,000

4,672,000

2,957,000

5,833,000
6,228,000

$27,611,000

$26,842,200
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TABLE 58 (Continued)

SUMMARY OP ESTIMATED CAPITAL COSTS OP
THE PROPOSED UPPER SAN JOAQUIN RIVER PROJECT

(Based on Prices Prevailing In I965)

Item ; Item Cost; Total Cost

Powerplants

Jackass Unit of Squaw Dome
Powerplant $9,333,000

Miller Unit of Squaw Dome
Powerplant 6,372,000

Porks 6,731,000

Subtotal, Powerplants $22,436,000

Penstocks and Penstock Valves

Jackass Unit of Squaw Dome
Powerplant $4,120,000

Miller Unit of Squaw Dome
Powerplant 791,000

Porks Powerplant 654,000

Subtotal, Penstocks and Penstock
Valves $ 3,563,000

Total Capital Cost of Project $83,312,500
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CHAPTER V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The "Madera Area" encompasses all of Madera County
and those portions of the drainage basins of the Chowchllla
and Fresno Rivers which lie within Mariposa County. It Is

an area with striking contrasts — rich In lumber and soil
resources but relatively poor In water resources. It abounds
In areas of great recreation potential but lacks development
of that potential. It extends from the trough of the great
valley of California to the crest of the Sierra Nevada —
ranging from 130 to 13,159 feet above sea level. It encom-
passes 2,352 square miles but averages less than twenty
people for each of these square miles.

There are wide variations In the climate of the
Madera area. On the valley floor, temperatures above 100 F
are not uncommon In July and August, and along the crest of
the Sierra Nevada temperatures plummet to subzero In mid-
winter. Mean annual precipitation ranges from less than 10
Inches In the Valley to 55 Inches along the crest of the
Sierra Nevada. Extremes In annual precipitation have ranged
from 4.23 Inches of rain on the valley floor at Chowchllla
Farms (1923-24) to 80 Inches of water content In snow at
Chllkoot Lake (I95I-52). The four-month period from December
through March usually produces 70 percent of the precipita-
tion, and the four-month period from June through September
brings less than 3 percent. Precipitation each year varies
from less than one-half to nearly twice the long-term average.

The economy of the valley floor portion of the
Madera area Is primarily agricultural. In the foothill and
mountainous portions of the area, lumbering, recreation,
cattle grazing, and mining constitute the main economic
activities. Growth of two of these activities, agriculture
and recreation, would be accelerated by the development of
water resources. Maintenance of the present degree of Ir-
rigated agriculture on the valley floor Is possible only
through mining of the ground water basin underlying the
valley floor In addition to diverting available streamflow
and Importing via Madera Canal flows of the San Joaquin
River conserved in Millerton Lake. Established recreation
facilities, such as Bass Lake, are overcrowded and new
facilities are badly needed.

A large increase in population in the area is
expected as the population in the State as a whole continues
to grow. This will require larger quantities of water for
both domestic use and Increased commercial use. In the
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foothill and mountainous portions of the area, water for
these purposes will probably constitute the largest demands
for supplemental supplies.

Two new water development projects have been
authorized by Congress for construction by the U. S. Army
Corps of Engineers In the Madera area. Hidden Dam and
Reservoir would be located on the Fresno River about 13 miles
northeast of Madera. The reservoir would Impound 90,000
acre-feet of water and would be operated for flood control,
water conservation, and recreation. Buchanan Dam, located
on the Chowchllla River about l6 miles northeast of the City
of Chowchllla, would form a 150,000-acre-foot reservoir.
Buchanan would be a multiple-purpose project providing flood
control, irrigation, general recreation, and fish and wild-
life benefits. If irrigated agriculture continues to Increase
to the extent projected for the future, additional water sup-
plies may be needed even with the Hidden and Buchanan
projects. The feasibility of providing such water should
be investigated as soon as possible.

Future water requirements for the upper foothill
and mountainous portions of the Madera area cannot be served
from authorized and proposed projects of the federal govern-
ment. Ground water development by Individuals, although
constituting the major source of supply to these areas at
present, is limited in quantity and areal distribution. Some
disadvantages of dependence upon wells in these areas include
small yields, failures during dry periods, expense of
drilling, threat of pollution or contamination, and the risk
of drilling a well that produces little or no water. With
continued population growth these problems will be intensified.

It would be very difficult and costly for adequate
surface water supplies to be developed by individuals. The
streams are intermittent and would require carry-over storage
from the wet to the dry season. Variations in runoff from
year to year may require storage adequate to capture suf-
ficient runoff during wet years to carry over during the dry
years which Inevitably follow. The threat of pollution and
contamination of wells in this area also Is present for surface
supplies. Solutions of these problems require large invest-
ments, usually more than individuals or small groups of
individuals can afford.

After reconnaissance-level consideration of alterna-
tives, the Oakhurst-Soquel Project was selected as the most
promising for developing water resources in the upper Madera
area. The project would provide an adequate water supply,
free from the threat of pollution, to all major areas of urban
and rural residential growth and would also provide signifi-
cant recreation and fishery opportunities.
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The Upper San Joaquin River Project appears to be
justified on the basis of power generation alone and shows,
in addition, potential for the inclusion of conservation and
recreation. Two of the reservoirs proposed, Chiquito and
Jackass Meadow, would have good recreation potentials
because of the pleasant summer climate, topographic setting,
accessibility, and scenic beauty.

Conclusions

As a result of the Madera Area Investigation the
following conclusions have been reached:

1. The construction of the Hidden and
Buchanan Projects will only partially alleviate the
water deficiency of the Valley Floor Unit of the
Madera area.

2. The construction of the East Side Division
of the Central Valley Project proposed by the U. S.
Bureau of Reclamation appears to be the logical
source of supplemental water for the Valley Floor Unit.

3. The present practice of sewage disposal
through use of individual septic tanks poses a
threat of pollution and/or contamination of local
ground and surface waters in the areas within and
adjacent to rapidly growing residential areas in
the upper Madera area. Future supplemental re-
quirements should be met by large surface water
storage projects because of the high costs of
individual water supply developments and the
imminent pollution problems.

4. The economic demand for supplemental
water in the upper Madera area will amount to
about J, 600 acre-feet annually by the year 2020.
There would probably not be an economic demand
for irrigation of significant amounts of agri-
cultural lands.

5. The Madera Irrigation District, ripar-
ian water users, and individuals appropriating
minor amounts of water under permits and li-
censes have rights to the first flows of the
Fresno River. The cost of developing "new"
water by storage reservoirs in the upper Madera
area would be very high because water stored
during wet years, in many instances, would sub-
sequently have to supply the demands occurring
during several consecutive dry years. The
most economical means of obtaining water for
the upper Madera area would be through exchange
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agreements. Supplemental water could be pur-
chased from the U. S. Bureau of Reclamation and
furnished to the Madera Irrigation District and
other downstream interests. In return a portion
of the runoff of the Fresno River could be
developed for use in the upstream areas.

6. The Oakhurst-Soquel Project is the
most promising means of meeting the water re-
quirements of the upper Madera area. An
adequate, dependable supply of potable water
could be supplied to all the present and
predicted areas of concentrated urban and rural
growth more economically than through alterna-
tive methods.

7. The Upper San Joaquin River Project
would produce several beneficial effects on
the economy of the Madera area, including
increased numbers of recreationists coming
into the area to use project facilities, and
increased employment of people required to
operate and maintain the project.

Recommendations

It is recommended that:

1. This bulletin be used as a guide for
future development of the water resources of the
Madera area and that plans be revised as necessary
to meet changing patterns of land and water use
and economic conditions.

2. The Ma.dera County Board of Supervisors
or the appropriate public agency proceed with the
development of the OaJchurst-Soquel Project as the
next major step in the water resources development
of the County.

3- Madera County initiate appropriate higher
level studies to determine the timing and size of
development of the Upper San Joaquin River Project
as a future major project.
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4. The feasibility of providing supple-
mental water for the Valley Floor Unit should be
investigated. If it is found that there is an
economic demand for additional water, negotiations
should be initiated with the Bureau of Reclamation
to obtain supplemental water from the East Side
Division of the Central Valley Project.
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TABLE A-5

PROPOSED OPERATION OF JACKASS MEADOW RESERVOIR
DURING CRITICAL DRY PERIOD 1927-28 THROUGH 1931-32



TABLE A- 5 (Continued)

PROPOSED OPERATION OF JACKASS MEADOW RESERVOIR
DURING CRITICAL DRY PERIOD 1927-28 THROUGH 1931-32

(in Acre-feet)

:
Water Releases and Losses : Storage

Estimated: Fish : Pover Release ;Evapo-; :End of
Year : Month : Inflow ;Release;Primary:Secondary;ration;Spill : Month

1930 Oct.



TABLE A-

6

PROPOSED OPERATION OF MILLER CROSSING RESERVOIR
DURING CRITICAL DRY PERIOD 1927-28 THROUGH 1931-32



TABLE A-6 (Continued)

PROPOSED OPERATION OF MILLER CROSSING RESERVOIR
DURING CRITICAL DRY PERIOD 1927-28 THROUGH 1931-32



TABLE A-T

PROPOSED OPERATION OF FORKS RESERVOIR
DURING CRITICAL DRY PERIOD 1927-28 THROUGH 1931-32



TABLE A-T (Continued)

PROPOSED OPERATION OF FORKS RESERVOIR
DURING CRITICAL DRY PERIOD 1927-28 THROUGH 1931-32

(in Acre-feet)

Year

Water Releases and Losses
Estimated: Fish

Inflow

: Storage
:End of

Release: Primary: Secondary: ration : Spill : Month
Ppver Release : Evapo-

1930 Oct.

Nov.
Dec.

1931 Jan.
Feb,
March
April
May
June
July
Aug.
Sept.

19, 13^^

17,210
18,21+7

17,101
16,235
22,117
27, 75^+

23,670
22,935
31,213
31,153
22,U91

900
900
900
900
900
900
900
900
900
900
900
900

20,520
17,W+2

16A16
lii,36U

18,U68
20,520
21,600
27,729
3l+,911

3^,911
21^,651

TOTALS 269,260 10,800 270,000

1931 Oct.

Nov.
Dec.

1932 Jan.
Feb.
March
April
May
June
July
Aug.
Sept.

19, 23^^

16,810
19,^^37

18,991
35,^60
58,961

102,776
165,206
192,558
119,002

2U,l+ll

900
900
900
900

1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800

20,520
17,Ul+2

18, if68
16,1+16
ll+,36i+

18,1+68

20,520
21,600
27,729
3i+,9ii

31^,911
2l+,65l

ll+,l+70

1+2,652

53,^^80

52,1+00

1+6,271

39,089

76
36
29
16

19
32

55

95
122
150
113
131

871+

29
12
8

5

19
1+1

53
83

110

189
179
138

26,923
88,323
9l+,ll+8

1^3,013

16,273
15,105
13,955
13,721+
ll+,676

17,393
23,672
2l;,7l+7

18,931
11^,183

9,1+12

6,221

l+,006

2,1+62

2,523
^^,193

9,000
5,000
5,000
6,000

28,500
28,500
26,033
23,855

TOTALS 807,269 18,000 270,000 21+8,362 866 252,1+07
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TABLE A-

8

PROPOSED OPERATION OF CHIQUITO RESERVOIR
DURING CRITICAL DRY PERIOD 1929-30 THROUGH 1931-32



TABLE A-

9

ESTIMATED ANNUAL ENERGY PRODUCTION OF THE PROPOSED
UPPER SAN JOAQUIN RIVER PROJECT

DURING AVERAGE PERIOD 1907-08 THROUGH 1956-57

(in Millions of Kilowatt-hours)



TABLE A-9 (Continued)

ESTIMATED ANNUAL ENERGY PRODUCTION OF THE PROPOSED
UPPER SAN JOAQUIN RIVER PROJECT

DURING AVERAGE PERIOD I9OT-O8 THROUGH 1956-57

(in Millions of Kilowatt-hours

)



PLATE I



TABLE A- 9 (Continued)

ESTIMATED AMNUAL ENERGY PRODUCTION OF THE PROPOSED
UPPER SAN JOAQUIN RIVER PROJECT

DURING AVERAGE PERIOD I9OT-O8 THROUGH 1956-57

(in Millions of KiIowatt-hours

)
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PLATE 3-A

-50 YEAR MEAN PERIOD (1907-08 THROUGH 1956-57)-

MEAN ANNUAL PRECIPITATION 9.97 INCHES

m
PRECIPITATION YEAR (JULY I THROUGH JUNE 30)

RECORDED ANNUAL PRECIPITATION AT MADERA
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PLATE 4-A
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-50 YEAR MEAN PERIOD (1907-08 THROUGH 1956-57)-

-MEAN ANNUAL PRECIPITATION 40.01 INCHES
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PLATE 6-A
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-50 YEAR MEAN PERIOD (1907-08 THROUGH 1956-57)-

-ESTIMATED MEAN ANNUAL HISTORICAL RUNOFF 86,100 ACRE-FEET
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PLATE 7-A
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-50 YEAR MEAN PERIOD (1907-08 THROUGH 1956-57)-

-MEAN ANNUAL NATURAL RUNOFF 1,704,000 ACRE-FEET
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RUNOFF YEAR (OCTOBER I THROUGH SEPTEMBER 30)

ESTIMATED ANNUAL NATURAL RUNOFF OF SAN JOAQUIN RIVER AT FRIANT
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PLATE 7-A

DFF OF SAN JOAQUIN RIVER AT FRIANT
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^^2 Yoiuig Alluvial Fan and Basin Fin Deposits
Alluvial fan denoslto of present str«ar« and dletrtbutor-
ies; consist of unconsolidated, undefomed sand end silt
with lenses of gravel and clay. Eeeln rim depiBlta occur
In the valley trough portion as fine send, silt, and cloy
of the San Joaquin River flood plain. Penceable to
moderately pemeable

.

|-i^!J:l Basin tepoGlts
Unconsolidated fine silty end clayey sand, Bllt, and elw
occurring In the valley trough and outer fan oresB. Con-
tain nl hnl 1 and saline vater at Ghallou depths near valley
trough area. Poorly to eoder«tely perneable.

^^^3 Quaternary Volcanic Focks, Basalt
Fractured and jointed, dark colored basalt flovs. Occur
locally in the Elerran crest area, e.g., Derll's Fostplle
National Monument.

t])^ Old Alluvial Pan Deposits
Old alluvial fan-bead, mid-fan and terrace deposits along
the eastern edge of the valley. Consist of unconsolidated
to loosely conEolidated, poorly sorted gravel, sand, and
silty clcy- Characterlted tty uell developed soils and
clay pan; subsoil in part saline. Moderately to poorly
penucablf.

KW^ Tertiary Volcanic Bocks, Undifferentiated
Scattered, local volcanic flovs capping portions of the
Sierra RevBda, Ftactui«d, jointed, and locally vesicular.

IJB^ Frlant FonBtloa
Loose to friable fluvlatlls fan sedlaents. predondDaatLy
sand vith Interbedded silts and fev local gravel lenses.

Characterlied locally by light colored rhyolitie

pumiceous sand and floe gravel content, KoderateLy

to poorly peni««blo.

nn lone Fornstloo
Local light colored clay end clayey e

Slerran roothlUs.

J
Granitic Foclt

Intrusive acidic Igneous rock fondng the Sierra Bevada
batholith. Ranges in conposition from dlorite to ^aolte.
Hard sjid massive ubere unueatbered; soft and friable In

some areas where weathering hoe fonned a widespread mantle

of "decomposed granite' on the granitic surface.

I Metanorp'^c Focks, Undirrerecttated
Pre -Cretaceous metamorphlc rocks consletlng of st««ply
dipping, IsocUnally folded strata of setaaedioeatary and
me tuvolCQ/ii e racks.
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